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(i) Real Party in Interest 

The Application is assigned to Boston Scientific Scimed, Inc., formerly known as 
Scimed Life Systems, Inc., One SciMed Place, Maple Grove, Minnesota 55311-1566, a 
Minnesota corporation and a subsidiary of Boston Scientific Corporation, One Boston Scientific 
Place, Natick, Massachusetts 01760-1537, a Delaware Corporation. 


(ii) Related Appeals and Interferences 

No related interferences or Appeals are currently pending. 

In this application two prior Appeals have already been taken (First Appeal 1 : 
Notice of Appeal filed 12/20/2004; Appeal Brief filed 2/16/2005; Second Appeal: Notice of 
Appeal filed 9/12/07, Appeal Brief filed 1 1/13/07 (mail room dates per PAIR). After the Appeal 
Brief in the Firsl Appeal was filed the final Action was withdrawn (3/3/2008 Requirement for 
Restriction I ■lection); and prosecution was reopened without filing an Examiner's Answer. After 
the Appeal Brief was filed in the Second Appeal prosecution was reopened to allegedly to 
institute a new ground of rejection (6/30/2008 Office Action). Consequently there is no prior 
Board Decision. 

The outstanding rejections only present questions of pa 11 I stantially 
cumulative of those presented in the prior appeals. Consequently in this application the applicant 
has been arbitrarily and capriciously deprived of its statutory right to appeal under 35 USC § 134 
in violation of the Administrative Procedure Act. A defensive petition is being concurrently filed 
with this Brief to insist that the Examiner's response be confined to filing an Answer or allowance 
of the application. 
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(iii) Status of the Claims 

Claims 1-32 have been presented in the application. Claims 12 - 14 were canceled 
in an amendment filed August 1, 2006. Claim 25 was canceled in an amendment filed November 
15, 2006. 

Claims 1 - 1 1, 15 - 24, and 26 - 32 are pending. 
No claim has been allowed. 

Claims 1-11, 15-24, and 26 - 32 were rejected in an Office Action mailed June 

30, 2008. 

Claims 1 - 1 1, 15 - 24, and 26 - 32 and are the subject of this Appeal. 

(iv) Status of Amendments 

No amendments have been liled alter the Final Rejection dated June 30, 2008. 

(v) Summary of Claimed Subject Matter 

A summary of the independent claims, as required by 37 C.F.R. § 41.37(c)(l)(v), 
and a non-limiting listing of locations where support may be found {braced citations} is provided 
as follows: 

Claim 1 is directed toward a process comprising steps "a" - "c". Step "a" 
includes forming a generally tubular stent {page 5. lines 4 - 9} of polymer material {page 6, lines 
3 - 15}. Step "b" includes radially expanding the stent to produce an expanded diameter stent. 
{Page 5, lines 10 - 20}. Step "c" includes annealing the expanded diameter stent to shrink its 
diameter to a reduced diameter. {Page 5, lines 21 - 27}. Steps "a" - "c" are all performed prior 
to deployment of the stent in a body. {Page 10, lines 18-22}. 
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Claim 15 is directed toward a process comprising steps "a" - "c". Step "a" 

includes forming a generally tubular article {page 5, lines 4-9; page 12, lines 6 - 9} of polymeric 

material {page 6, lines 3-15}. Step "b" includes radially expanding the article to produce an 

expanded diameter article. {Page 5, lines 10 - 20}. Step "c" includes annealing the expanded 

diameter article to shrink its diameter to a reduced diameter. {Page 5, lines 21 - 27}. Steps "a" - 

"c" are all performed prior to deployment of the tubular article in a body. {Page 10, lines 18-22}. 

And, at least one time steps "b" and "c" are repeated in sequence on the tubular article. {Page 5, 

lines 25 - 27} 

Claim 17 is directed toward a process comprising steps "a" - "c". Step "a" 
includes forming a generally tubular article {page 5. lines 4 9; page 1 2. lines 6 9} of polymeric 
material {page 6, lines 3-15}. Step "b" includes radially expanding the article lo produce an 
expanded diameter article. I Page 5. lines 10 20; . Step "e " includes annealing the expanded 
diameter article to shrink its diameter to a reduced diameter. ;Page 5. lines 21 27) . Steps "a" 
"c" are all performed prior to deployment of the tubular article in a body. {Page 10, lines 18-22}. 
The polymer material is a biodegradable polymer. {Original claim 17; page 6, line 3 - page 7, 
line 2} 

Claim 21 is directed toward a process comprising steps "a" - "d". Step "a" 
includes forming a tube {page 5, lines 4-9; page 12, lines 6-9} of polymeric material {page 6, 
lines 3-15}. Step "b" includes radially expanding the tube to produce an expanded diameter 
tube. {Page 5, lines 10 - 20; page 12, lines 6-9}. Step "c" includes annealing the expanded 
diameter tube to shrink its diameter to a reduced diameter. {Page 5, lines 21 - 27; page 12, lines 
6-9}. Step "d" includes forming a stent from the annealed tube. {Page 12, lines 6 - 9} Steps 
"a" - "d" are all performed prior to deployment of the stent in a body. {Page 10, lines 18-22}. 
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Claim 26 is directed toward a process comprising steps "a" - "d". Step "a" 

includes forming a generally tubular article. {Page 5, lines 4-9; page 12, lines 6 - 9} . Step "b" 

includes radially expanding the tubular article to produce an expanded diameter tubular article. 

{Page 5, lines 10 - 20}. Step "c" includes annealing the expanded diameter tubular article to 

shrink its diameter to a reduced diameter. {Page 5, lines 21 - 27}. Step "d" includes forming the 

tubular article as a stent with a pattern of perforations therein. {Page 12, lines 6-9}. 

(vi) Grounds of Rejection to be Reviewed on Appeal 

I. Whether the Examiner erred in rejecting claims 1 . 15. 17 and 21 . 32 under 35 U.S.C. § 
102(e) as being anticipated by Stinson, US 6,719,934. 

II. Whether the Examiner erred in rejecting claims 1-11, 15-24 and 26-32 under 35 U.S.C. § 
103(a) as being unpatentable over U.S. Patent No. 5,670,161 to Healy et al. (hereafter 
"Healy") in view of U.S. Patent No. 4,816,029 to Penny III et al (hereafter "Penny")- 
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(vii) Arguments 

I. The Invention 

The invention provides novel techniques by which the molecular orientation of a 
formed stent or a tubular stent preform can be improved to increase hoop-wise orientation. The 
process is particularly suited to balloon expandable polymer stents. Such stents typically have 
suffered from high elastic recoil after release of balloon inflation pressure [p. 4, Ins. 14-23]. The 
processes of all the independent claims involve radial expansion of a tubular article or formed 
stent and annealing of the expanded diameter article to shrink its diameter. 

The purpose of the radial expansion step is to cause the molecular structure of the 
polymer to orient itself around the hoop, stretching causing molecular alignment in the direction 
of the elongation and increasing strength in the direction of orientation [p.8, ln.22-29]. The 
purpose of the annealing shrinking step is to reduce or eliminate residual elastic stresses and to 
shrink the stent to si/e for deployment [p.9, ln.15-21]. 

II. Applicable Law 

Anticipation under 35 U.S.C. Section 102(e) requires that "each and every 
element as set forth in the claim is found, either expressly or inherently described, in a single prior 
art reference." Verdegaal Bros., Inc. v. Union Oil Co. , 814 F.2d 628, 631, 2 USPQ2d 1051, 
1053 (Fed. Cir. 1987); In re Robertson, 49 USPQ2d 1949 (Fed. Cir. 1999). The Stinson '934 
patent does not anticipate any of claims 1, 15 , 17 and 21. 

The framework for the objective analysis of obviousness under 35 U.S.C. 103 is 
stated in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 (1966). Obviousness is a 
question of law based on underlying factual inquiries. The factual inquiries are as follows: 
(A) Ascertaining the scope and content of the prior art; 
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(B) Ascertaining the differences between the claimed invention and the prior art; and 

(C) Resolving the level of ordinary skill in the pertinent art. 

Evidence pertaining to considerations as commercial success, long felt but unsolved needs, failure 
of others, etc., must also be considered when present. 

The Supreme Court in KSR International Co. v. Tele/lex Inc., 550 U.S. , , 

82 USPQ2d 1385, 1396 (2007) requires that the analysis supporting a rejection under 35 U.S.C. 
103 be made explicit. Quoting In re Kahn, 441 F.3d 977, 988, 78 USPQ2d 1329, 1336 (Fed. Cir. 
2006), the KSR decision states: '"[Rejections on obviousness cannot be sustained by mere 
conclusory statements; instead, there must be some articulated reasoning with some rational 

underpinning lo support the legal conclusion of obviousness.'" KSR, 550 U.S. at , 82 USPQ2d 

at 1396. 

When determining obviousness, based on a combination of references the prior art 
must be considered as a whole, without the benelit of impermissible hindsight vision afforded by 
the claimed invention. The prior art must be applied in the context of their significance to a 
technician tit the time the invention was made, without knowledge of the solution. Taking into 
account the evidence of common knowledge and the common sense of the skilled person, there 
must be some evidence of a suggestion, teaching or motivation that would have led the skilled 
person to produce the invention as claimed. In re Translogic Technology Inc., 84 USPQ2D 1929, 
1937 (Fed. Cir. 2007); Ortho-Mcneil Pharmaceutical Inc. v. Mylan Laboratories Inc. 86 
USPQ2D 1196, 1201-1202 (Fed. Cir. 2008). 

It is impermissible, simply to engage in hindsight reconstruction of the claimed 
invention, using the applicant's structure as a template, picking and choosing among isolated 
disclosures in the various documents to supply elements to fill the gaps. MPEP 2142, discussing 
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the legal concept of prima facie obviousness articulates how the obviousns i to 


To reach a proper determination under 35 U.S.C. 103, the examiner must step backward 
in time and into the shoes worn by the hypothetical "person of ordinary skill in the art" 
when the invention was unknown and just before it was made. In view of all factual 
information, the examiner must then make a determination whether the claimed invention 
"as a whole" would have been obvious at that time to that person. Knowledge of 
applicant's disclosure must be put aside in reaching this determination, yel kept in mind in 
order to determine the "differences," conduct the search and evaluate the "subject matter 
as a whole" of the invention. The tendency to resort to "hindsight" based upon applicant's 
disclosure is often difficult to avoid due to the very nature of the examination process. 
However, impermissible hindsight must be avoided and the legal conclusion must be 
reached on the basis of the facts gleaned from the prior art. 


in. The Rejections 


A. The Examiner Erred in Rejecting Claims 1, 15, 17 and 21, under 35 U.S.C. § 
102(e) as Anticipated by Stinson, US 6,719,934. 

1. Arguments Applicable to Each of Claims 1,15,17 and 21 

Stinson US 6,719,934 (Stinson '934, Exhibit A) is a division of US 6,245,103 
(Slinson '103. I xhibit H) which was cited as anticipating in the First Appeal (See Appeal Brief 
filed 2/16/2005, Exhibit C). Consequently the issue of anticipation is identical and was already 
conceded when the prior rejection on Stinson US '103 was withdrawn (see 3/3/2008 Requirement 


for Restriction/Election, Exhibit F). 


The Examiner has indicated no "new light" that would indicate that would justify 
the reintroduction of a rejection that had already been conceded in this case after an appeal. The 
Examiner had a full and fair opportunity to justify the rejection to the Board three years ago. 
Withdrawing the rejection and then re-imposing it three years later, when reopening prosecution 
after appeal a second time, substantially interfered with the applicant's statutory right of review 
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under 35 USC § 134 (a) without any good cause. The Kafkaesque circular examination to which 

this application has been subjected withdrawing finality 1 jections that are not 

substantially different from those previously taken on appeal is arbitrary and capricious in 

violation of the Administrative Procedure Act and violates Constitutional Due Process. At least 

for these reasons the rejection should be reversed. 

Regarding Stinson '934 the Examiner contends this time: 

Stinson discloses in figs 7-10 and 14, col. 5, lines 27-41, col. 7, lines 40-67 and col 8, 
lines 1-22, a process for forming a stent having the limitations of the above listed claims, 
including: the process comprises the step of forming a tubular stent of the polymer 
material: the stent radially expanding to produce an expanded diameter stent, and at least 
one time repeating of steps a-b are all performed prior to deployment of the stent in a 
body, but Healy [sic] is silent regarding the step of annealing the expanded diameter 
stent or tubular article to shrink its diameter to a reduced diameter.. 

Stinson further discloses annealing the expanded diameter stent to shrink its 
diameter to a reduced diameter (see col .25, lines 58-67, col. 26, lines 1-9). 

(6/30/08 Action, page 2, emphasis added) 

This statement is confusing as to whether the Examiner recognizes that Stinson doesn't disclose 
annealing an expanded diameter stent to shrink it to a reduced diameter or whether the Examiner 
contends it does. The latter contention is clearly wrong. 

Stinson '934 discloses polymer stents, but the process employed and the products 
formed are very different from the inventions of claims 1-23 of the present application. The 
Stinson stents are formed by braiding polymer fibers onto a mandrel and then annealing the 
braided stent onto a second mandrel of smaller diameter. After the annealing step the stent is 
stretched longitudinally to a further reduced diameter at which it is delivered. Upon delivery, the 
stent will self-expand to a deployed diameter less than the annealed diameter. The difference 
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between the braid mandrel diameter and the anneal mandrel diameter can be varied to give a 

desired deployed diameter within a predetennined range. 

As recited in independent chum 1 . the "expanded diameter stent," is the product of 
a radial expansion slop ( b ) performed on the already formed stent . It is this "expanded diameter 
stent" that is subjected to the annealing step (c), not the stent as formed. This is made absolutely 
clear in step (c) both from the word "then" in the lead-in to step (c) and in step (c)'s the reference 
to "the expanded diameter stent," which necessitates that we treat the product of step (b) as the 
starting point for step (c). This is elementary method claim language. There is nothing tricky 
about the proper construction of this claim language. 

The stent of the Stinson '934 patent is annealed from the stent diameter as formed, 

not from a "radially expanded diameter." The Stinson '934 patent stent is not subjected to a radial 

expansion step until it is deployed, or in the ease of the tests discussed e.g. in col. 16 when it is 

subjected to testing to determine deployed diameter and radial force. No annealing step takes 

place after such radial expansion. The stent of the Stinson '934 patent is annealed before radial 

expansion occurs. The Stinson '934 patent sequence described at col. 5, lines 36-41: 

. . . make the stent at a particular diameter (A), anneal the stent at a smaller diameter (B), 
and deploy the stent from a delivery system of diameter (C) whereby the stent will be 
"programmed" to self-expand to a desired implant diameter (D). The relationship between 
the diameters is A>B>D>C. 

In this sequence diameter D is the only diameter that is achieved by a radial expansion step and 

hence the only "radially expanded" diameter. Diameter D is achieved after the annealing step has 

been performed. Therefore the Stinson '934 patent does not anticipate the process of claim 1. 

A parallel construction applies to the article or tube forming steps of independent 

claims 15, 17 and 21. Therefore the Stinson patent does not anticipate these claims. 
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At least for the reasons just given the anticipation rejection of claims 1, 15 , 17 and 
21 should be reversed. 

2. Additional argument for claim 15 - Repetition of the Radial 
Expansion and Annealing Steps in Sequence 

Claim 15 further requires repetition of steps (b) and (c) at least one time in 

sequence. The Examiner apparently contends that the same passages of the Stinson patent show 

this. The applicant has no idea what the Examiner is thinking. The Stinson patent does not show 

repetition of radial expansion and subsequent annealing steps on a formed stent. At least for this 

additional reason the anticipation rejection of claim 15 should be reversed. 

3. Additional Argument for Claim 21 - Stent Pattern Formed From a 
Tube That Has First Been Subjected To Sequential Radially 
Expansion and Annealing Steps 

Independent claim 2 1 recites a process sequence in which a polymer tube is 
formed, radially expanded, the radially expanded tube is annealed, and subsequently a stent is 
formed from the annealed tube. That is, the stent pattern is provided after the tube has been 
both b) radially expanded and c) annealed at least one time. (This may be accomplished, for 
instance, by machining or etching the tube after the steps b) and c) have been performed). 

The Stinson patent does not show stent patterning after annealing. In the braided 
stent of the Stinson patent, tube formation and stent pattern formation are the same step, i.e. 
braiding the tube over a mandrel. There is no teaching or suggestion of the process sequence as 
recited in claim 21. At least for this additional reason the anticipation rejection of claim 21 should 
be reversed. 


B The Examiner Erred in Rejecting Claims 1-11, 15-24, and 26-32 under 35 
U.S.C. § 103 over Healy et al US 5,670,161in View of Penny III et al, US 
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As initial matter it must be clarified what claims have been rejected under this 
combination. The statement of the rejection on page 3 of the 6/30/2008 Office Action lists claims 
1-11, 15-24, 26 and 29. The Office Action does not mention claims 27-28 or 30-32. However, 
the Office Action Summary lists claims 27-28 and 30-32 as rejected; page 4 of the Office Action 
mentions claim 27-28 and 30-32 in the discussion of this rejection; and there is no other 
articulated ground for rejection of claims 27-28 or 30-32. Consequently the Healy/Penny 
obviousness rejection is treated as having been applied to claims 27-28 and 30-32 for purposes of 
this Appeal. 

All of the independent claims recite an annealing step performed on an expanded 
diameter tubular article or stent to shrink its diameter to a reduced diameter. Neither Healy 
(Exhibit D)nor Penny (Exhibit E) teach such a step. 

The Examiner contends: 

Healy discloses in fig 5, a process for forming a stent having the limitations of 
claims 1-23, including: the process comprises the step of forming a tubular stent of the 
polymer material (see col 9, lines 22-46); the stent radially expanding to produce an 
expanded diameter stent (see col. 3, lines 9-45), and at least one time repeating of steps a- 
b are all performed prior to deployment of the stent in a body (see col., 7, lines 50-67), but 
Healy is silent regarding the step of annealing the expanded diameter stent or tubular 
article to shrink its diameter to a reduced diameter. 

Penny teaches annealing the expanded diameter stent to shrink its diameter to a 
reduced diameter (see col. 4, lines 42-57). 

It is true that Healy fails to disclose annealing an expanded diameter stent or tubular article to 

shrink its diameter to a reduced diameter. It is not true that Healy otherwise discloses a process 

having the limitations of claims 1-23. 
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The stents of Healy (Exhibit D) are formed in the configuration for delivery (col. 8, 

line 66- col. 9, line 3). The stents may be formed in a number of ways {see e.g. col 8, lines 49-65 

and col. 9 lines 17- 65). None involve annealing an expanded diameter stent or tube to shrink its 

diameter. 

Heaiys stents are heated at the time of expansion {see col. 3, lines 39-45 and col. 
10. line 66 - col. 11, line 3, and col. 1 1, lines 32-51). The heating and expansion of the stents 
occurs when the stent is deployed in the body (col. 8, lines 5-7). The heating allows the polymer 
material to plastically deform so that it retains its expanded configuration when cooled {see col. 7, 
lines 50-61 where Healy teaches that following the heated expansion the stent is cooled and 
"remains open"). 

Annealing is mentioned at col. 10, lines 62-65 of Healy, but this disclosure pertains 
lo annealing the stents as formed, not to annealing expanded diameter stents or tubular artieles. 
f urthermore, there is no indication that the stent diameter is shrunk when annealed. Annealing 
can be done on a mandrel, so diameter shrinking is clearly not necessarily inherent in Heaiys 
context. In the 6/30/2008 Action the Examiner acknowledges that "Healy is silent regarding the 
step of annealing the expanded diameter stent or tubular article to shrink its diameter to a reduced 
diameter." 

Regarding the combination of Healy with Penny, the Examiner is, once again, 
clearly wrong in asserting that "Penny teaches annealing the expanded diameter stent to shrink its 
diameter to a reduced diameter 

Penny describes a polymer heart valve stent (Exhibit E). There is no teaching that 
this stent ever undergoes expansion, much less that it does so before the annealing step. The cited 
passage of Penny pertaining to annealing {i.e. col. 4, lines 42-57) is as follows. 
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The slew of the present invent* 
ijeeriae-molded of polypropytae 



45 propylene a particularly prefer™) bee 
molded, hu good strength, udbnn 
of flaMity which is dakibfe ta refia 
stent and the valve naDsnat ducng as 


material! include Deuin polymer <» poiyfamaldehyde 
50 of greater then 15,000 molecule; weight told by Du- 
PootX Lean polymer (> polycarbonate), njko (a bera- 
mttkyleae dianiae-adipic add polymer) and higi den- 
sity polyethylene. The molded steals ere desirably en- 



This describes annealing a stent that has been formed by injection molding. No reasonable 
argument can be made that an injection molded stent as formed is an "expanded diameter" stent or 
tube within the meaning of any of the claims at issue in this rejection. 

There is nothing whatsoever in Penny that pertains to an "expanded diameter 
Mom" much loss annealing such a stent, further, nothing is said about shrinkage and the passage 
cited by the I xaminer does not clearly exclude a mandrel so shrinkage cannot be properly inferred 
to be inherent. Penny adds nothing of relevance to Healy. 

The combination of Healy and Penny therefore, does not meet the recitations of 
any of the rejected claims. 

At least for this reason, all of the rejected claims are seen to be both novel and 
non-obvious over the cited documents. Reversal of the rejection of 1-1 1, 15-24 and 26-32 for 
obviousness from Healy in view of Penny is respectfully requested. 



2. 


Additional Argument for Claims 1 - 11, and 15 - 24 - Prior to 
Deployment in the Body 


According to independent claims 1, 15, 17 and 21 the recited steps are "all 


performed prior to deployment in the body." 


Application No. 10/037036 
Page 15 


Third Appeal Brief 
Attorney Docket No. S63.2B-9919-US01 


The 6/30/2008 Office Action contends that Healy discloses radially expanding a 
stent prior to deployment in the body. This is clearly wrong. Healy's stents are not radially 
expanded prior to stent delivery. 

The Examiner cites col. 7, lines 50-67 for the assertion that Healy teaches 
expansion prior to delivery. The full text of this paragraph, which continues to col. 8, line 4, is 
reproduced below. 

Using the heating techniques described more fully below, the temperature of the 
polymer can be increased incrementally to a point near the glass-transition temperature of 
the copolymer, permitting the stent to enter a rubbery phase that takes advantage of a 
lower elastic modulus. In this phase, the stent may be plastically deformed and the shape 
stabilized prior to any viscoelastic behavior (such as creep, stress relaxation, strain 
recovery, or shrinkage) causes the stent to return to its unexpanded shape or to diminish in 
strength. Following expansion, the polymer is allowed to cool, but because plastic 
deformation has occurred, the stent remains open. Attempting to expand the stent oi l he- 
present invention below the glass-transition temperature causes the stent to fracture as a 
result of its brittle or glassy characteristics below the glass-transition temperature. This 
could be potentially hazardous, depending upon w hether and liow the stent fractures as a 
result ol being expanded improperly. Thus, controlled heating and expansion of the stent is 
important to the invention, as it results in a circumferential drawing of the extruded stent, 
helping to orient the copolymer molecules, and thereby enhances the modulus and strength 
of the materials, and ultimately the strength of the stent. 

(emphasis added) 

The Examiner has clearly misrepresented the paragraph. Nothing in this paragraph indicates that 

it is speaking of the stent prior to deployment. To the contrary, the "remains open" teaching 

would prevent delivery of the Healy stent if it occurred prior to the time the stent is deployed. 

Furthermore the Examiner has ignored the critical context statement which is 

found in the first sentence of the next paragraph: 

The thermo-mechanical expansion of the stent is considered a processing step 
occurring in situ and concomitant with deployment. 

(col. 8, lines 5-7, emphasis added) 
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That is, the th< p lep described at col. 7, lines 50 - col. 8 line 4, is expressly taught 

as one that is performed in body at the time of deployment, not prior to deployment as recited in 

claims 1-1 1 and 15-24. Thus the only description in Healy of expanding the stents to an 

expanded diameter is in the context of expansion at the site of deployment , and the skilled person 

has no motivation to expand prior to deployment because the stent "remains open" after 

expansion. 

At least for the additional reasons given above reversal of the rejection of 1-1 1 and 
15-24, for obviousness from Healy in view of Penny is respectfully requested. 


3. Claims 2, 15-16, 18, 22, 29 - Repetition of expansion and 
annealing/shrinking steps 

Claims 2, 15-16, 18, 22, and 19 recite repetition of the radial expansion and 

annealing shrinking slops al least once. The repetition is performed on the same antecedent an icle 

and, as such, is not met merely by performing the same steps once on a plurality of dillerent stents 

The Examiner has cited Healy col. 7, lines col. 7, lines 50-67 as showing repetition 
of "steps a-b." The applicant has repeatedly pointed out that repetition of a step a) is not recited 
in any claim Repetition of steps a-b, even if it were taught by Healy, 1 does not meet the 
recitation of these claims. 

There is no teaching in Healy that can be reasonably construed as suggesting 
repetitive expansion and shrinking of the same stent or tube. The same is true for Penny. No 
reasonable argument can be made that a skilled person would be motivated by any teaching in 


1 It isn't, see the extended quotation above. 


Application No. 10/037036 Third Appeal Brief 

Page 17 Attorney Docket No. S63.2B-9919-US01 

these documents to repetitively expand and anneal either of these stents. 

Still further, the application (page 9, lines 22-25) teaches that multiple expansions 
and annealings performed on the same tubular article can provide cumulatively increased radial 
orientation of the polymer material. This is a novel and non-obvious benefit not hinted at by 
anything in Healy or in Penny. 

At least for these additional reasons reversal of the obviousness rejection of claims 
2, 15-16, 18, 22, and 19 from Healy in view of Penny is respectfully requested. 

4. Claims 8, 9 and 31 - Radial Expansion below Glass Transition 
Temperature 

Claims 8 and 3 1 recite that the radial expansion step is performed at a temperature 
below the glass transition temperature of the polymer material. Claim 9 depends from claim X. 

The above quoted portion of the Healy patent (col. 7, line 50- col. 8, line 4) clearly 
and unambiguously teaches that the stent is to reach "a rubbery phase," at the time of expansion. 
This is the characteristic of polymer material at or above its glass transition temperature. I leak 
also teaches that "[ajttempting to expand the stent of the present invention below the glass- 
transition temperature causes the stent to fracture as a result of its brittle or glassy characteristics 
below the glass-transition temperature" (emphasis added). No one would want this consequence. 
Consequently Healy clearly is teaching away from radially expanding the stent below the glass- 
transition temperature. Taken together these statements clearly teach the skilled person that 
Hear/s "near the glass-transition temperature" only pertains to temperatures that are actually at or 
above the glass transition temperature of the material. Healy's expansion step therefore does not 
meet the recitations of claims 8, 9 or 31. 
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At least for this additional reason reversal of the obviousness rejection of claims 8, 
9 and 3 1 from Healy in view of Tower is respectfully requested. 


5. Claim 9 - Radial Expansion at Room Temperature 

Claim 9 depends from claim 8 and further specifies the temperature of the radial 


expansion step as room temperature. This cannot reasonably be argued to be near the glass 
transition temperature for any of Healy' s stent materials. At least for this additional reason 
reversal of the obviousness rejection of claim 9 Healy in view of Tower is respectfully requested. 

IV. Conclusion 

For at least the reasons presented above, claims 1 - 1 1, 15 - 24, and 26 - 32 are 
non-obvious over the cited art. Consequently, reversal of the rejections is respectfully requested. 
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(viii) Claims Appendix 

Claim 1. A process comprising the steps of: 

a) forming a generally tubular stent of polymer material; 

b) radially expanding the stent to produce an expanded diameter stent; and then, 

c) annealing the expanded diameter stent to shrink its diameter to a reduced diameter, 
wherein the steps a) - c) are all performed prior to deployment of the stent in a body. 

Claim 2. A process as in claim 1 further comprising at least one time repeating steps b) and 
c) in sequence on said stent. 

Claim 3. A process as in claim 1 wherein in step a) the stent is formed by molding the 
polymer material. 

Claim 4. A process as in claim 3 wherein the polymer material is thermoplastic. 

Claim 5. A process as in claim 4 wherein the polymer material is biodegradable. 

Claim 6. A process as in claim 1 wherein the polymer material is selected from the group 
consisting of poly(alpha-hydroxy acid), polylactic acid-polyethylene oxide copolymers; modified 
cellulose; collagen or other connective proteins; adhesive proteins; hyaluronic acid; 
polyanhydrides, polvphosphoesters; poly(amino acids); copolymers thereof; and mixtures of any 
of said materials. 
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Claim 7. A process as in claim 6 wherein the polymer material is a poly(alpha-hydroxy acid) 

selected from the group consisting of homopolymers and copolymers of polylactide (PLA), poly- 

L-lactide (PLLA), poly-D-lactide (PDLA), polyglycolide (PGA), polydioxanone, 

polycapro lactone, poly(hydroxybutyrate), polygluconate, and mixtures thereof. 

Claim 8. A process as in claim 1 wherein the step b) is performed at a temperature below 
the glass transition temperature of the polymer material. 

Claim 9. A process as in claim 8 wherein the step b) is performed at room temperature. 

Claim 1 0. A process as in claim 1 wherein the step c) is performed at a temperature above 
the glass transition temperature of the polymer material. 

Claim 11. A process as in claim 10 wherein the step c) is performed at a temperature within 
the range of about 90°C to about 150°C. 

Claim 15. A process comprising the steps of: 

a) forming a generally tubular article of polymeric material; 

b) radially expanding the article to produce an expanded diameter article; and then 

c) annealing the expanded diameter article to shrink its diameter to a reduced diameter, 
wherein the steps a) - c) are all performed prior to deployment of the tubular article in a body, 
and wherein at least one time steps b) and c) are repeated in sequence on said tubular article. 
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Claim 16. A medical device adapted for body lumen navigation and/or treatment produced by 
the process of claim 15. 

Claim 17. A process comprising the steps of: 

a) forming a generally tubular article of polymeric material; 

b) radially expanding the article to produce an expanded diameter article; and then, 

c) annealing the expanded diameter article to shrink its diameter to a reduced diameter, 
wherein the steps a) - c) are all performed prior to deployment of the tubular article in a body, 
and wherein the polymer material is a biodegradable polymer. 

Claim 18. A process as in claim 17 wherein at least one time steps b) and c) are repeated in 
sequence on said tubular article. 

Claim 19. A process as in claim 17 wherein the polymer material is selected from the group 
consisting of poly(alpha-hydroxy acid), polylactic acid-polyethylene oxide copolymers; modified 
cellulose; collagen or other connective proteins; adhesive proteins; hyaluronic acid; 
polyanhydrides; polyphosphoesters; poly(amino acids); copolymers thereof; and mixtures of any 
of said materials. 

Claim 20. A medical device adapted for body lumen navigation and/or treatment produced by 
the process of claim 17. 


Claim 21. 


A process comprising the steps of: 
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a) forming a tube of polymeric material; 

b) radially expanding the tube to produce an expanded diameter tube; 

c) annealing the expanded diameter tube to shrink its diameter to a reduced diameter; and 

subsequently 

d) forming a stent from the annealed tube, 

wherein the steps a) - d) are all performed prior to deployment of the stent in a body. 

Claim 22. A process as in claim 2 1 wherein the steps b) and c) are repeated at least once on 
said tube before step d) is performed. 

Claim 23. A process as in claim 21 wherein in step d) the stent is formed by machining or 
etching the reduced diameter tube obtained from step c). 

Claim 24. A process as in claim 1 wherein in step a) a pattern of perforations is provided in 
the tube wall. 

Claim 26. A process comprising the steps of; 

a) forming a generally tubular article; 

b) radially expanding the tubular article to produce an expanded diameter tubular article; 

c) annealing the expanded diameter tubular article to shrink its diameter to a reduced 
diameter, 

the process further comprising 
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d) forming the tubular article as a stent with a pattern of perforations therein. 

Claim 27. A process as in claim 26 wherein the tubular article formed with said pattern of 
perforations before said radially expanding step b). 

Claim 28. A process as in claim 26 wherein the tubular article formed with said pattern of 
perforations after said annealing step c). 

Claim 29. A process as in claim 26 further comprising at least one time repeating steps b) and 
c) on said tubular article. 

Claim 30. A process as in claim 26 wherein the tubular article is formed of thermoplastic 
polymer material. 

Claim 31. A process as in claim 30 wherein the step b) is performed at a temperature below 
the glass transition temperature of the polymer material. 

Claim 32. A process as in claim 26 wherein the tubular article is made of biodegradable 
polymer material. 
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which may be used to make braided stents. The tensile expanded state 

strength of PLLA is about 22% of the tensile strength of deployment dc 

Elgiloy®. The tensile modulus of PLLA is about 3% of the cross at an axi 

tensile modulus of Elgiloy®. Stent mechanical properties about 145 degr 

and self-expansion are directly proportional to tensile modu- 5 state. The seo 

cal properties and woijd not be functional. The invention a second free state diameter of from about 3 mm to about 6 

I ni '] ii ik | Inn braided stents with mm file axially directed angle may be between about 1 10 

radial strength similar to metal stents and the required to degrees and about 120 degrees when in the second free 

mechanical properties capable of bracing open endolummal radially expanded sial Ii i i n i h i\ e an outside 

Abioabsorbable PLLA braided tubular stent changes size the stent exerts an mil nelly d led i n i 1 rce at one half 

I , I i « 

deployed. A deployed PI .LA stem II 1 II I 1 I 1 I 

length and smaller in diameter than a PLLA stent prior to loaded > "leased from a deployment device into a body 

I , i Mi l , li 1 1 i 1 i i 1 i , ,!i I i 

long ith mil 1 u I il nut 10 7 mm had deployed and second sets of filaments crossing at an axially directed 

. & ... .. *~ 1 At hplm^n shrail 1(1^ Hpnr^e when ihp slml 


i I 1 bout 6 3 mm. an S le of between about 95 and 105 degr 

- : s in [he implanted slate I lie sum ma\ be radial!-, 

[trained to half of i" " 


metal self -expanding stent generally has 


same dimensions before loading and after deploy- 
■ snthasa 

(S ' Cnl ,/ S may be annealed at a temperature of from about 60° C. tc 


,t. For metal stents, if it is known that the patient has a ^™ \ ^TiC-^lmllll^ 


intentionally ovcrsi/ed by about I mm) is nmuis u 

delivery system for implantation. This rule is not applicable 25 { fa t ' t Th t t b al d t 

for a polymer stent because more oversizing is necessary. °^Zm e ~ of from "about 130°C.to LmTsO'' C. for » 

The present invention provides improved polymeric period of lime of from about 10 minutes lo ahoul :(! minutes 

stents and a method for designing and producing the The braid may he nine if from 

I i i i I I , i , , ii, 

i I i I u ,1 

and upon deployment will yield desired implant dimensions have a crossing mg ^ of from abou, 30 degrees to about 120 
and have desired mechanical properties. rees. I he sten 1 1 leli 11 

I'he present in e Ii 11 ulla isle- pi ide hioah ul i, , h, 1 lumen and the filaments have a crossing angle ol 

sorbable PLLA braided stent of a desired implant size, and 35 from about 70 degrees to aboul 130 degrees, the stem may 

provides a method to make the stent at a particular diameter provide structural integrity to a body lumen for less than 

die slenl I'm 111 a delivery- syslem of el la me ler (< ') wheicby the polvc a pro lactone, polvglucunale. po l\ 1 ;i vt ic aeirl- 

stent will be "programmed" to self-expand to a desired polyethylene oxide copolymers, modified cellulose, 

0 collagen, poly(hydroxybutyrate), polyanhydride, 
polyphosphocster, poly(aminn acids) and combinalions 

vention relates to a bioabsorbable implant- thereof. The filaments may be mono-filament or multi- 

' ' ir, radially compressible and self- filament. The stent may substantially degrade in vivo in from 
including a f ' ' - ' ' - "' 1 ' ' " ' 

sin 45 th 

engtb. The filaments may include polyglycolide and the 

1 I lii 1 hi 1 I 1 1 111 

1 1 I 1 11 1 ivially thereof and the stent may substantially degrade in vivo in 

ibout 120 and about 150 degrees from about 1 week to about 3 months. The stent may have 

ilk expanded siale alter being al least one end of diminishing diamcler so as to function as 

loaded on a delivery device so as a filter. The filaments may be substantially homogeneous in 

11 1,1 1 I I 1 1 1 Hi u Mil an [ 1 , 11 1 dllll lion 

ncludes PLLA, PDLA, PGA, o^ 

is-section, a tensile strength of 60 in a braided configuration to form a rube. 

about 400,000 psi to about 2,000,000 psi, and an average implantable 1 1 Ii I nj; providing a tubt 

diameter of from about 0.15 mm to about 0.6 mm. The first radially compressible, axial!-, flexible, and radially s 

set of filaments and second set of filaments act upon one expandable braided and annealed structure. The struc 
another tc create 1 1 i II I t 10 to about 36 elongate filaments/ 

a delivery device. The stent may have a second free radially thereof. Each filament having a substantially uniform en 



US 6,719,934 B2 

10 

none, polycaprolactooe, collapsing threads or other structures to facilitate reposition- 
id-polyethylene oxide ing and removal of the stent. Stents of these types nonethe- 
copolymers, modified cellulose, collagen, poly less still substantially consist of the tubular and self- 
(kyd u i i | )1 nbydri' polypk i i ter poly expandable structure formed by interwoven filaments 12 and 
II I 1 1 I i 1 t \vn in FIGS. 1 and2. Furthermore, many of the desirable 
mers materials. Methods for fabricating stents 10 are features and properties of stent 10 will be present if some, 
generally known ami disclosed, for example, in the Wallsten but not an, of the filaments 12 consist of a bioabsorbable 
U.S. Pat. No. 4,655,771 and the Wallsten et al. U.S. Pat. No. polymeric material. 

5,061,275. implant,!,!,, bioabsorbable stent 10 may be made by a 

i M> i I 1 I i I , | i 1 1 ] it ( 

1 and 2 , i gi i i i t n suhj II i i I I i il.k-pt.hi 

no external loads or stresses. The filaments 12 are resilient, filament are interwoven into helical shape strands on a round 

ii iii cut 10 into a reduced- bar mandrel of 3-30 mm diameter such that one-half of the 

i i I r i i | 1 strands are wound clockwise and one half 

' lesired I - In "i 11 sil l"i 'ti li ii, ound auinusvMek-'-visL- and such that cacli clockwise 

a body vessel (i.e.. transluminal!}). Stent 1(1 is also self- helical strand is adjacent (interbraided) to a cmtnicrclock- 

expandable from the compressed state, and axially flexible. w jse strand, the tubular braid is made with strand braid 

Stated another way, stent 10 is a radially and axially angles (angle between two filaments in the longitudinal or 

flexible lubul i i | i i i lha I 'i I I i I ll I I l i i I 

is variable under axial movement of the ends of the body 20 between a filament and transverse axis of the stent) ol 15-45 

relative to each other, ["he stent 10 is composed of a plurality degrees) while on the braid bar mandrel, the braid is slid ofl 

,i lly i lllil c 1 ..ill" a n.:-10 nun smaller dial 

or filaments 12, each of which extends in a helix configu- annealing bar or rube mandrel, each end of the braid pulled 

ration along a longitudinal center line of the body as a or compressed to cause axial extension or compression of 

common axis. The filaments 12 define a radially self- 25 the braid on the anneal mandrel, or left free, and each end of 

expanding body. The body may be provided by a first the braid secured on each end of the anneal mandrel to fix 

number of filaments 12 having a common direction of the preset axial position of the braid, or left free, annealing 

winding km axially displaced relative to each other, and the braid on the anneal mandrel at a temperature between the 

crossing a second number of filaments 12 also axially glass-transition temperature, and melting temperature of the 

displaced relative to each other but having an opposite 30 polymer for 5-120 minutes in air, vacuum, or inert 

direction of winding. atmosphere, cooling the annealed braid on the anneal man- 

The tubular and self-expandable body or structure formed tlrcl ■>• ' 11 temperature, sliding the braid nil of the 

by the interwoven filaments 12 is a primary pn.slliclicallv- anneal mandrel and culling il k. Ike desired stent length, 

functional slrucllilc i.f slenl 10 and lor'lllis reason ills Anodic! preicirecl cnilu.dimenl includes al least one 

device can be considered to substantially consist of this 35 bioabsorbable-radiopaque m ■ 

the polymeric 


facilitate the implantation of the structure. One example is ! X.Wii'l I 1 

are used to visuali/e Hie pi.ski,.i, ..I Hie .lent Ikrough I our batches (53, 54, 55, 56) of PLLA monofilament 12 

" (5 Research Corporation included eight strands collected on 

separate spools. Four spools were randomly selected from 


TABLE 1 
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calculate the maximum bending stress at the apex of the arc. 
The specimen was then rotated at 3600 rpm and the surface 
of the test specimen is cycled between compressive and 

! ) I In 1 (complete fraclur In 
in, i lilting) was recorded for each lest ind the results are 

plotted in :i stress vs. cycles to failure ploli'S N fatigue plots 

in FIGS. 15-18). 

fatigue results or failures at lower stresses than the hatches 
extruded at the higher draw ratio of 8. Batches #54 and #55 

ill i i i I <r56 had 1 il 

than #54 and #55, but had higher results than 53. The results 
indicate that the higher draw ratio and lower extrusion 
temperatures are preferred if fatigue strength is to he maxi- 


EXAMPLES 2-10 

A stent 10 was fabricated from about 0.24 mm diameter 
PLLA monofilament 12 from spool 55-6. This spool was 
selected because it had high UTS and modulus which are 
desirable mechanical properties lor obtaining high stent 
radial strength, fhe stenl 10 was braided onto a fO mm 

strands and the braid angle was 130 degrees (pitch angle of 
25 degrees). The included angle between inlerbraided lila- 
menls ill I lii I r 

to annealing and is termed "111111110111 crossing angle" al'ler 
annealing A braid becomes a stent after annealing 

Braid annealing was performed to relax the stresses in the 
filaments resulting from braiding and to set the stent shape. 
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TABLE 4 



10 The average external diameter is the average value of the 
external stenl diameters measured, fhe pitch length is the 
length of one complete filament helix. The filament crossing 
angle was calculated from the average external diameter and 
the pitch length using the equation, angle=180°-2 TarT^P/ 

15 urD), where p is the pitch length and D is the average external 
stent diameter minus twice the filament diameter. 

th i ut' i ub, is pulled back allowing the stent to spring off 
of the inner tube and self-expand to brace open the stricture. 

the inner tube outer diameter was 1.3208 mm. The calcu- 
» lated gap between the inner and outer tube was 0.7642 mm. 
The stents 10 were left on the delivery systems for 30 
minutes and were [hen were deployed onto the beiichlop 

Dimensions of the nine 10 mm PLLA stents 10 before 
loading and after deployment are listed in Table 5. 



ig but before being 

this trial, the braid was difficult to put on the mandrel loaded for deployment. Deployed length and diameter were 

because the braid inside diameter was very close to the measured after the annealed stent was loaded on the 10 

mandrel diameter. In the second trial, the braid was easily 55 French deliver; I , nd depl ,yed on the table and 

put onto a 9 mm diameter mandrel The braid <™n- allow<!d to reacn i te £rce state - The fcn gtlr -« - 
pressed axially and held in this state with plastic til 
The third trial was performed in the same manne 
second trial. 


implantation will be longer upon implantation I 
stent will only reach about 80% of the deployt 


anneal mandrel and the annealed hlament crossing angle delivery system. This consistency allows t lie- 
was higher than the original braid angle. The annealed uncut changes I, mi. ,, ted nd accounted for du 

stents were measured with a laser micrometer for external 65 The dimensions of deployed stents 10 were i 
diameter. A scale was used to measure pitch length. The changed relative to the dimensions of the san 


time. S deployment trials 


1 1 I 1! II 1111 


. p,; '».. 


I Hk ~Mn ii ,, 



11111111 

minutes and deployed from 
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0.30-0.40 mm diame 


Stents 10 can be fabricated from 15 filament strands of ' 
0.35-0.45 mm diameter PLLA, PDLA, PLLA-PDLA 

copolymer, PGA-trimethylcarbonate Copolymer, or 
0.45-0.55 mm diameter polydioxanone on a 5-10 mm K 

120-150 degrees while the braid is on the braid mandrel and 
annealed on a bar or tube mandrel thai has an outer diameter 

temperature between die polvmet pdass-iransition tempera- 


Stents 10 can be fabricated from 18 filament stranc 
0.35-0.45 mm diameter PLLA, PDLA, PLLA-PI 
copolymer, 0.40-0.50 mm diameter PGA, PGA-P] 
copolymer. 0.42-1) 52 mm diameler PtiA-polycaprolac 
copolymer, PGA-trimethylcarbonate copolymer. 
I). 45-0. 55 nun diameler polydioxanone on a 7-12 


120-150 degrees • 


nire and Ihe moiling lemperalun ear 5-1211 minutes in 
vacuum, or inerl almosphcrc witti the braid in an ax 
extended. Tree, or , 

Lemperallll'e. sir) oil' Ihe anneal mandrel, eld to Ilk dor 
slenl lenglll. and loaded onlo a delivery svslem al leas 


15 EXAMPLE 27 

Stents 10 can be fabricated from 24 filament strands of 
0.20-0-30 mm diameter PLLA, PDLA, PLLA-PDLA 
copolymer, 0.25-0.35 mm diameter PGA, PGA-PLLA 
copolymer, 0.27-0.37 mm diameter PGA-polycaprolactone 
:0 copolymer, PGA-trimethylcarbonate copolymer, or 
0.30-0.40 mm diameter polydioxanone on a 8-12 mm 
diameter braid mandrel with a filament braid angle of 
120-150 degrees while the braid is on the braid mandrel and 
'rel thathas an oulei diamclcr 

:5 0.2-1(1 mm smaller than th 

temperature between the polymer gli 
ture and the melting temperature for 5-120 minutes m air, 
\aciium. or inert atmosphere with the braid in an axially 
extended, free, or conlraeaed position, eooled to about room 

10 temperature, slid oil Ihe anneal mandrel, cut lo die desired 
stent length, and loaded onto a delivery system at least 10 
French in size. 

EXAMPLE 28 
Stents 10 can be fabricated from 24 filament strands of 
0.25-0.35 mm diameter PLLA, PDLA, PLLA-PDLA 
copolymer, 0.30-0.40 mm diameter PGA, PGA-PLLA 
copolymer, 0.32-0.42 mm diameter PGA-polycaprolactone 
K, copolymer, PGA-trimethylcarbonate copolymer, or 
0.35-0.45 mm diameter polydioxanone on a 9-4 mm diam- 
eter braid mandrel with a filament braid angle of 120-150 


EXAMPLE 25 
Stents 10 can be fabricated from 18 filament strands of 
0.40-0.50 mm diameter PLLA, PDLA, PLLA-PDLA 4 
copolymer, 0.45-0.55 mm diameter PGA, PGA-PLLA 
copolymer, 0.47-0.57 mm diameter PGA-polycaprolactone 
copolymer, PGA-trimethylcarbonate copolymer, 
0.50-0.60 mm diameter polydioxanone on a 7-12 m 
diameter braid mandrel with a filament braid angle 
120-150 degrees while the braid is on the braid mandrel ai 
annealed on a bar or mix mandrel dial lias an oilier diamet 
0.2-10 mm smaller than the braid mandrel diameter at 
temperature between the polymer glass-transition temper 
lure and Ihe nielli no lemperalure lor 5-120 mint 


temperature, slid oil the an 


cooled to about ro 


i axiall; 


L.XAMPI L 2si 


n, or inert atmosphere w 


EXAMPLE 30 
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l i conlraclel p >n ennled to about room a radially contracted or compressed state. The proximal 

temperature, slid off the anneal mandrel, cut to the desired portion of delivery device 20 generally remains outside of 
stent length, and loaded onto a delivery system at least 13 the body for manipulation by the operator. 

r by which delivery device 20 is operated to 
e in a body vessel or lumen 
includine curved sections is illustrated in FIGS. 7-10. As 
Stents 10 can be fabricated from 30 filament strands of showI1; slem i 0 is placed in a radially compressed state in a 
0.30-0.40 mm diameter PLLA, PDLA, PLLA-PDLA surrounding relationship to the outer distal end of inner tube 
copolymer, 0.35-0.45 mm diameter PGA, PGA-PLLA 30 AUp >l disposed tl distal end ot tube 30 Stent 10 
copolymer, 0.37-0.47 mm diameter It lA-polycaprolactone i . is constrained on inner tube 30 by the double-walled section 
! 1 - ■ • lportant that stent 10 not be confined too 

braid mandrel with a filament braid angle of force to stent 10 to hold stent 10 in place. The double-waUed 
•"'<• ; 1 '" "'' 11,1 md section of hose 55 can be removed fwm around stent 10 by 


0.40-0.50 


'rolls" off stent 10. No 


temperature, slid off the anneal mandrel, cut 1o the desired thedis 

stent length, and loaded onl" a delivery system al leasl 14 ,, ,s il ,1 ■ ■ csscl V, die 

French in size. double-walled section of hose 55 continues moving 

EXAMPLE 31 proximally, more of stent 10 expands in a radial direction 

- unlil ill ^ M! I I an a;, ll 

Stents 10 can be labiie-alcd loan M, lllaiiicnl strands ol wall of a body vessel. 

0.35-0.45 mm diameter PLLA, PDLA PLLA-PDLA J5 ddive device 

I l i 1 \ I I \ 

1 1 1 ' 1 used to introduce aeon,, s , he a , around the distal 

! . , 1 ' j il l le™ end of delivery device 20 so the position of delivery device 


x7;;,ech« iu,uu " iuc 1 

I | r II II 11 II levice with an outer tube 61 

1 I i I hers f,4, (,5. Slen, 10 maybe disposed ,„ region (,6 ami ne 

vacuum o, inert ,lm sphere villi the b lid „ , , ,lh ' 11 " ' 1,1 ^ h ^ 1 1 1 *' ' 1 

I 1 , I, , I II n 6 ' 1 1 ! l.m 6.M il 1 1 

. . r1|| HI ,1V ih -iiin li l| -in |, ih 1 sired an out through end 70 into contact \vilh Ihc inlciior of wall 72. 

, , , II 10 I wn as lines 69, 71. The end 70 maybe 

French in size moveel by moving member 63 in the direction of arrow 73. 

The stents of the present invention may be delivered by 

EXAMPLE 32 ,, , , using a , lcrnallvc dcviccs . For 

Stents 10 can be fabricated from 24 filament strands of 45 instance, the device described in Heyn et al. U.S. Pat. No. 
0.35-0.45 mm diameter PLLA, PDLA, PLLA-PDLA 5,201,757 may be utilized. 

copolymer, 0.40-0.50 mm diameter PGA, PGA-PLLA Another embodiment of the present invention, stent U0, 

copolymer, 0.42-0.52 mm diameter PGA-polycaprolactone is illustrated in FIGS. 12 and 13. Stent 110 is similar to stent 
copolymer, PGA-trimethylcarbonate copolymer, or 10 described above in that it is a tubular device formed from 
U.4.S-0..aS mm diamclot polyeiiovanoiie on a 14-2(1 mill iwo s i | i 1 el, paiallel | i 

diameter braid mandrel with a filament braid angle of helically wound elongated strands or filaments 112. rhe sets 
120-150 de lees wh le llle I I i I i i il , Il2.il nil il I I ri li I I i 

it points such as 114 to form an 
uction. One end 116 of stent 110 



im the same PLLA or absorbable polymer 
it 10 described above. Slem 110 can be 
tanner of stent 10 described above) to a 
ressel, for example, Vena Cava 
preventing lung emboly. When 
Bed in this application, stent 110 can be inserted into Vena 


25 
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bosis and bacteria adhesion. The stents 10 and 110 have a 
relatively low elastic modulus, moderately low strength, and 
high ductility. They are therefore durable yet sufficiently 

curved body ve Jsels. The PLLA stents 10 and 110 may exert 5 
a gentler radial force against the lumen wall than would the 
urrcnl LJgil < I l II idiaJ I con I i i lx 
higher or lower by utilizing larger or smaller diameter 
filament in the stent construction. 

Although the present invention h;is been described with i' 
reference to preferred embodiments, those skilled in the art 
will recognize thai cha t s i I m e in form and detail 
il ii (ill 1 i! i i 

II will be evident from considerations of llx foregoing 
that the bioabsoibabk self-expanding stent 1(1 may be " 
a number of methods and materials, in a 
ariety of sizes and styles for the greater efficiency and 


% I I 1 ill II I ! 

used in conjunction with the present invention is disclos. 
in J. Stinson's U.S. Pat. No. 5,980,564 entitled "Bioabsor 
l I i 1 I l L i mIk i i i Mclhi 

of Using Same", based on application Ser. No. 08/905,80 


tealed pros 


further being radially compressible to 

self-expandable from tl 

the bioabsorbable material is selected from the group 
of poly-L-lactide, poly-D-lactide, 


;r D and radially 


3. The process of claim 1 wherein: 
the first diameter is in the range of 3-30 mm 
second diameter is in the range of 0.2-10 mi 


Stinson's and Claude Here's U.S. Pat. No. 6,340,367 
entitled "Radiopaque Markers and Methods of Using . 
Same", based on application Ser. No. 08/905,821, filed 


closed in J. Stinson's 
"Bioabsorbable Marker 
and Method of Using Sa 
08/904,951, filed conct 



providing a plurality of elongate filaments comprising a 
i ill 

polygluconate, polylactic acid-polyethylent oxide 
copolymers, modified cellulose, collagen, poly 
(hyd ybutyrate) lyanhydride, polyp hosphoester, 


nents at a braid angle of from about 120 
ut 150 degrees on a first mandrel having 
r to form a tubular, radially compressible 


disposing the prosthesis sli 


while the prosthesis structure is so disposed, annealing the 


ing I u r I her includes selecting the annealed 

x provided by the annealed prosthesis struc- 
;n radially compressed to a 


M The process of claim 8 further including: 
braid ng n -\ nd -. oik I M h csl ;■ ruclincs substan- 
tially similar to the unannealed prosthesis structure on 
the first mandrel: 
annealing the first and second tubular test structures on 
respective first and second lest mandrels having dilfer- 


annealed test si 

loading the first annealed test structure, radially 
compressed, into a delivery system, deploying the firsl 
annealed test structure from the delivery system, then 
measuring a radiallv outward force exerted by ihe 

deployed first test structure when radially constrained 
thereby to obtain a first radial force value; 


stem, deploying the 
from the delivery 
ally outward force 


10. The process of claim 


cond radial 
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annealed diameters and the radial force vali 
equation relating annealed diameters to the i 
values corresponding to the radial force 
1 i! l J ' i i i ! 

when radially compressed to said predeterr 
tion of the annealed diameters. 

11. The process of claims 10 wherein: 

said predetermined fraction of the anr 

one-half, and the linear equation relating the anne; 


ss for making a prosthesis, including: 


aiding a plurality of elongate 
a first mandrel having a first d 
radially compressible 



hioahsorhable lilamenls nu a firs I mandrel; 

mandrel In form a lirsi annealed lesi sirucuia having 
annealed diameter D 1 less than the first diameter; 
annealing the second prosi.he.si 


form a second annealed test structure 
mealed diameter D 2 less than the first 
diameter and different in. m annealed diameter I),; 
radially compressing the lies; annealed lesl shi.icli.ire to a v 

reduced diameter D 3 less than liamel D i I D 
allowing die lirsi ksl Mm cm a m radially scll-i xpand 
10 a predetermined fraction of annealed diailleler I),. 
Ikii i isiiniiL! i I li i ! r I erled hy Ihe 


radially compressing the se 
self -expand to said predt 


polyethylene oxide copolyi 
collagen, poly(hydroxybuiyraie). pedya n hydride 

polyphosphncsler. pi »1 v| amino acids), poly-L-lactide, 

I lid I i' 1 i I lyuilpli 
acid) and combinations thereof. 

17. The process of claim 15 wherein: 

said annealing is performed al annealing temperatures 

withio the range of 60 degrees C. to 180 degrees C. 

18. The process of claim 15 wherein: 

said annealing is performed for a time period between 
about five minutes and about two hours. 

19. A process for making a prosthesis, including: 

bioabsorbable material selected from the group con- 

polygluconatc. polyiaclic ae id -polyethylene oxide 
copolymers, modified cellulose, collagen, poly 
(hydroxybutyrate), polyanhydri e \ tlypfo ph> is 
poly(aniino acids), poiy-1 .-laelide. poly-D-laclide. 
II I i 1 i li i I I ,i I nihin 


values corresponding to the 

tion of the anntJkll dianute 
14. The process of claim 13 wi 


orce values a linear mined radially outward force to be provided by the 

•s to the radial force annealed prosth ■ u in I I ially compressed 

1 force exerted by to a predetermined fraction of the annealed diameter D; 

annealed diameters 6 0 and 

redetermined frac- while the prosthes i 1 anneahn^the 

prosthesis structure al a lemperaiure hetwecn a glass- 
transition temperature of the bioabsorbable material 


SI 


i inn mum 111 inn inn mil mil inn iim urn urn mill mi mi mi 
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BACKGROUND OF THE INVENTION 
i i ion relates generally to implantable, 5 

I ) i ill i I i i i! 
d to as stents. In particular, the present invention is a 

-expanding medical prostheses frequently referred to 

i I! ii ill '' 

r example, disclosed generally in the Wallsten U.S. 
o. 4,655,771, the Walisten et al. U.S. Pat. No. 5,061, 
id in Hachtmann et al., U.S. Pat. No. 5,645,559. 


through vessels in the body. The flexible nature and reduc 

through relatively small and curved vessels. In pcrcutanei: 
l.raiisluiniiial ai ioplasi n ini] I ml ible en Inpi >s1 1 ic i 
introduced through a small percutaneous puncture si 
airway, or port and is passed through various body vess< 
to the treatment site. After the stent is positioned al 1 


s a continuing need for self -expanding stents 


growing list of vessels in the body. Different physiological 
environments are encountered and u is recognized thai there 
is no universally acceptable set of stent characteristics. 

A need exists for a stent which has self expanding 
characteristics, but which is bioabsorbable. A surgical 
implant such as a stent endoprosthesis must be made of a 
non-toxic, biocompatible material in order to minimize the 
foreign-body response of the host tissue. The implant must 
also have sullieienl structural strength, bioslahihty. size, and 
durability to withstand the conditions and confinement in a 
body lumen. 

All documents cited herein, including the foregoing, are 
incorporated herein by reference in their entireties for all 


iially compressible, axially 


U.S. Pat Nos 4. 1,12. i I o ' 1 Preferred deliver 
devices lor the present invention include U.S. Pat. No* 
4,954,126; 5,026,377. Suitable materials for use with sue 
delivery devices are described in U.S. patent application Se. 
No. 08/833,639, filed Apr. 8, 1997. 

Commonly used materials for known stent filament 
include Elgiloy® and Phynox® metal spring alloys. Othe 

I seel MP35N alloy, and supei 


srally characterized by a 


able implantable e 
grafts, liltcrs. oecl 
poly(alpha-hydro? 
poly-D-lactide 


inwardly directed radial 
) a reduced-radius and 


as poly-L-lactide (PLLA), 
polyglycolide (PGA), 
tc, polygluconate, polylaclic 


in U.S. Pat. No. 5,630,840 to Ma; 


.of Mini 


United States patent application Ser. No. 08/598,751, filed 

The strength and modulus of elasticity of the filaments 
forming the stents are also important characteristics. 5 
Elgiloy®, Phynox®, MP35N and stainless steel are all high 
strength and high modulus metals. Niiinol has relatively low 


The implantation of an intraluminal stent will preferably 
cause a generally reduced amount of acute and chrome 1 
trauma to the luminal wall while performing its function. A 
stent that applies a gentle radial force against the wall and 
that is compliant and flexible with lumen movements is 
preferred for use in diseased, weakened, or brittle lumens, 
l ni II preferabl 1 le j th 111 ill 

occlusive pressure from tumors, plaque, and luminal recoil 
and remodeling. 


of time. Also, bioabsorbable polymeric stents may be manu- 
factured at relatively low manufacturing costs since vacuum 
heat treatment and chemical cleaning commonly used in 
metal stent manufacturing are not required. 

The present invention includes a method of designing and 
manufacturing a.11 improved braided bioabsorbable stent 

1 11 1 nil rent from 1 1 1 1 1 ke braid 1 1 
wire stents. The method involves selecting a specific bio- 
absorbable polymer based on a desired stent functional 
absorption time and stent radial force. The stent functional 
absorption time is the time period within which the stent 



between 5 and 9 is preferred. PIA is generally amorphous 
because of the material's slow crystallization kinetics. Very 


ik. i i.nl ; .■ >".. r k - ,.; Ik f...\ ik r. -a y^-j-rally 

tin .l.i.ei.al ii. I I'...'.. 1 -, .l-.l-.c s.n:. 

.■-») j.u r. .lay ii ■i. ..' , i v : ' i .1} In' .rper pr I.a . r. 

,i dci. . Ilivlv. ■ l.J . . sh ll iki. > .-II pulsate l'c: 
the lower material properties. 

Hi. :l.s, : I-. I- , I'l I \ . I'l, A la'.ii.: c J.,.l l.k. II 

aud ttieri eliminated Ii 1 I > respiration llcteru 
gciicous degradation of sciiiicryslailin. polymers occur 1 , due 
to the fact that such materials have amorphous and crystal- 
line regions. Degradation occurs more rapidly at amorphous 
region-, lljan al crystalline regions I'liis resiills in die producl 
decreasing in strength faster than it decreases in mass, 
lotallv amorphous, cross-linked polyesters show a more 

to a material with crystalline and amorphous regions. Deg- 

cotnposition and polymer chain siruclures, and material 
processing. 

PLA monofilaments may be produced by a process molecular weight (i.e. 

involving se\en General steps ; i Mi i i l - 1 1 1 ' < ' ! 11 1 1 11 

polymer formed of poly 1 1 die id is brc tight 1 > at 1 I I I i I 

clc\ II i I I I \ I 

210°-230° C. Second, the material is then extruded at the ndMioa than high molecular weight grades, so an optimum 

elevated temperature into a continuous fiber, by a conven- molecular weight range should be selected to balance 

i ii i i i i.Ihimi tint I ^ >^ 

ation. The cooling is preferably performed by passing the decreases as degradation progresses. PLA generally has a 

fiber through a nucleation bath of water. Fourth, the material degradation time greater than 1 year. Ethylene oxide steril- 

then passes through a first puller, which runs at ib ,ut iIk i"""" p">c.ss (Lit )) is a pr. Kin I n. llmd .1 l. nlo tin n 
same speed as the extruder, and places the material under 40 p LA has a glass transition temperature of about 60° C, so 

slight tension. Ilfth, the fiber is then heated to a temperature care must Ix taken not to store products 11] environments 

between about 60° C. and about 90° C. (preferably 70° C.) where high temperature exposure may result in dimensional 

as it passes through a heated oven. To perform annealing, the distortion. 

oven can be designed to be quite long and heated near the PLA, PLLA, PDLAand PGA include tensile strengths u 
end, so that the orientation and annealing take place in the 45 f rom about 40 thousands of pounds per square inch (ksi) to 

same oven. Alternatively, a separate oven can be placed about 120 ksi; a tensile strength of 80 ksi is typical; and a 

preferably closer to 90 C ni it I I 1 in the include tensile strengths ot Irom about 15 ksi to I 1 
orientation oven and the annealing oven, the fiber is drawn 50 a tensile strength of 35 ksi is typical; and a [.referred tensile 

between the first puller 1 I lore the orientation oven strength of from about 25 ksi to about 45 ksi. 

between about' s t 1 1 hi between about 6 and 2,000,000 psi; a tensile modulus I » 1 psi I 1 1 

I11 1 1 1 1 1 1 1 , li 1 lii 

1 1 1 I 1, 1 1 I 1 1 , 00 nil) |s i ill 

tension through the annealing step prevents shrinkage in 450,000 ps is typical; and a preferred tensile modulus of 
later use. The second puller, located at the exit of the oven, „ from ah. nil 350.000 psi ,„ about 550,000 psi. 

runs at an increased speed necessary to provide the desired PLLA filament has a much lower tensile strength and 

drawratio. As the fiber exits the oven and passes through the tensile modulus than, for example, Elgiloy® metal alloy 

second puller the tension is immediately released before the wire which may Ix used to make hraided stents The tensile 

material cools. Seventh, finally, the fiber is collected onto strength 1 I'l t \ i. 22' .1 the tensile sticngth ,1 

spools of desired lengths. 65 Elgiloy®. The tensile modulus ol PI LA is about 3% of the 

Strength of the filaments generally increases with draw tensile modulus of Elgiloy®. Stent mechanical properties 

ratio and with lower draw temperatures. A draw ratio of and self-expansion are directly proportional to tensile modu- 


lus of the material. As a result, a PLLA filament braided ste 
made to the same design as the metal stent has low mecbai 
cal properties and would not be functional. The inventii 
advantageously provides polymeric braided stents wi 

radial strength similar to metal stents and the required 5 degrees and about 120 degrees 
mechanical propcil,* >t bl >f bra ing npen endoluminal radially expanded state. The stent may Dave an 
strictures. Jiaim u nin id I ill\ expanded: 

Abioabsorbable PLLA braided tubular stent change 
ivery system and 


en of the outside diameter of from about 40 grams to about 300 

deployed PLLA stent is generally longer in 10 grams. The stent may have an implanted state after being 

r j n ]j. |niL ,| - || Km ■ p[ | -\ ■■ prior to loaded, released from a deployment device into a body 

dually 30 mm vessel, and then implanted in the U ~ J ~ 


long with external diameters of about 10.7 mm had deployed and ^ of filaments crossing at an axially directed 

length" of about 90 mm with diam ters of about 6 3 mm angle of between about 95 and 105 degrees when the stent 

In comparison, a metal self-expaDding stent generally has 15 Ls in th / ™^ Q f ] s ! ate " V* SteDt ™ y **i*dMly eon- 

iboul the s,mc dim hi I hi I. in i I " l r ' d strained to halt of its free diameter and the radial force, RF, 

. exerted by the device, in grams, as a function of annealed 

"'mm dhmeter \ si ' I i imeter/u, in mm. is about Rl— 5D+4<>1±20 Ihc slenl 

. t t . „ . ' , , , , \ ■ i j j . iL may be annealed at a temperature of from about 60° C. to 

iiilL.nli -in h\ ovcrsi/ed In about I mm) is loaded onto the , ' , Qf . 0 n fnr n ^ /n/1 r „ f ,. „ ffmm r ■ „ f „ 

delivery system tor u ,1 i - H n applicable 20 ^ ab ^ 

for a polymer stent because more oversizing is necessary. temperature of fr om about 130 ° C. to about 150° C. for a 

The present invention provides improved polymeric period of time of from about lOminutes to about 20minutes. 

stents and a method lor dining and producing Ihe The braid may be annealed to yield a crossing angle of from 

improved polymeric steals whereby a polymeric stent of a 25 about m degrees t0 abom 150 degrees ^ stent may be 

certain s./e ma > be produc. I.I. led < el,ve,A s>siem, fonher disposed in a stent delivery device and the filaments 

and upon deployment m I \ u Id 1 ..red impfinl dimensions have a crossing angle of from about 30 degrees to about 120 

h ' ,v ' '"' 1 '"nil loved li m a delivery system 


into a body lumen and ihi 


1 1 1 I I 1 1 1 i I from about 70 degrees to 

provides a method to make tlx sk in ai a pariiailar diameter provide structural integrity to a body lumen for less than 

(A), anneal the stent at a smaller diameter (B), and deploy about 3 years. The stent may further include polydioxanone, 

the stent from a delivery system nl diameter n ') whereby the polycaprolactone, polygluconate, polylactic acid- 

stem will he ■■programmed" lo self-expand m a desired polyethylene oxide copolymers, modified cellulose, 

implant diamelei- (I)). Hie relal kinship between the diam- ^ collagen, po 1 v( h vd ro x v h uI v ra I c), polya nhydride, 

eters is A>B>D>C. polyphosphoester, poly(arnino acids) and combinations 
thereof. The filaments may be mono-filament or multi- 
filament. The stent mav sirhsla nl ia lly degrade in VIVO in from 

t a first about 1 year to about 2 years. "Substantially degrade" means 

set of between 5 and IS li laments, each of which extends in tc that the stent has lost at least 50% of its structural strength, 

a helix configuration along a center line of the stent and It is preferable that the stent lose about 100% of its structural 

having a lirsl common direction of winding. A second set of strength. Ibe filaments m p in. hid. pi I gly. . Iid< n 1 ll 

filaments of the same number as the first set, each extend in stent mav substantially degrades in vivo in a lime of from 

a helix configuration along a center line of the stent and about ?> months to about I year. Ihe filaments mav further 

having a second common direction of winding. The second 45 include polygluconate, polydioxanone, or combinations 

set of filaments cross the first set of filaments at an axially thereof and the slenl may substantially degrade in vivo in 

directed angle of between about 120 and about 150 degrees from about 1 week to about 3 months. The stent may have 

when in a first free radially expanded state after beinu at least one end of diminishing diameter so as to function as 
annealed, but before being loaded on a delivery de 


"in 01) I il 1.200,000 psi. 1 tin i lil 
plurality of the filaments helically wound and interwoven in 
5 a braided configuration to form a tube, 
from about 40 ksi to about 120 ksi, a tensile modulus of from The invention also relates to a method of using an 
about 400,000 psi to about 2.000.1 100 psi. and an average implantable endoprosthesis including: providing a tubular, 
diameter of from about 0.15 mm to about 0.6 mm. The first radially compressible, axially flexible, and radially self- 
set of filaments and second set of filaments act upon one expandable braided and annealed structure. The structure 
another to create an outwardly directed radial force sufficient •■ including from aboul 10 to about 36 elongate filaments. The 
to implant the stent in a body vessel upon deployment from filament comprising PLLA. PDLA, PGA, and combinations 
a delivery device. The stent may have a. second free radially there f. bach I i n 1 1 . 1 K uniform cross- 
expanded state after being loaded and then released from a section, a tensile strength of from about 40 ksi to about 120 
deployment device and the first and second sets of filaments ksi, and a tensile modulus of from about 400,000 psi to about 
cross at an axially directed angle of between about 80 and 65 2,000,000 psi. The filaments disposed at an angle of from 
about 145 degrees when in the second free radially expanded about 130 degrees to about 150 degrees in a free state, each 
state. The second sets of filaments may crisscross at an filament having an average diameter of from about 0.15 mm 
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at having a radial force at Bioabsorbable polymer resins are commercially avail- 

>ut 40 grams to about 300 able. Bioabsorbable resins such as PLA, PLLA, PDLA, PGA 
grams. The annealed structure liavin^ a lirsl diameter; dis- and other bioabsorbable polvmers arc commeiviallv avail- 
posing the structure into a delivery system at a second a ble from several sources including PURAC America, Inc. 
diameter smaller than the jirM diami ter, inserting tin deliv- 5 0 f Lincolnshire, 111. 

, ;„ ,,' :' i ,r ! L , , 1 1 \::Vt:\; ; ! ,* 1 tT ^^^ 

lliiid Herd I II " ' 11 11 ' 1 

the endoprosthesis to self expand in Hi, hodv lumen to a parent to those skilled m the art from the fofiowmg 
fourth diameter greater than the third diameter. ^ detailed d | ^ i i ly the pro I 

witoa D vesp] n ' ( ' ' i " f th^b^mode ^ d^h^ ^ °]5 th f 

li;,]] H | | j ,! | n i j < nsh i ii n nJ its st i il I i ill ii capable of n lil 

I I I I I 1*1 1 [ I 11 I I 1 [ 

I | i II i I i I i I I I I \ I 1)1 \ irom ll \ ion. A I I I i mil clescrip 

about 40ksi to about 120 ksi, and a tensile modulus of from 

about 400,000 psi to about 2,000,000 psi; Providing a 20 BRIEF DESCRIPTION OF THE DRAWINGS 

delivery system wilh die medical device positioned 
purl ion of I he delivery svslem in I he compressed shite .., a 

second diameler smaller lh;in i he lirsl diameler: Inscrl ing the >hc P a '^' nl invention, illustrating the braided configuration 
portion of the delivery system with the medical devi "' 
" 'essel at a location spaced from the tre 
ipulating the delivery system to advai 

Deploying ihe medical device Irom she delivery system. I he 
medical device being deployed 



delivery system. Each filament may have a substantially 
uniform cross-section, a tensile strength of from about 40 ksi 5( 
to about 120 ksi. and a tensile modulus of from about 
400,000 psi to about 2,000,000 psi. Annealing may cause the A bioabsorbable implantable prosthesis or stent 10 in 

device to radially shrink. , u \ n nh tl i mi illustr it I null 

The invention also relates to a method of manufacturing in FIGS. 1 and 2, Stem 10 is a mhular device formed from 

a stent including: providing from about 10 to about 36 55 two sets of oppositely-directed, parallel, spaced-apart and 

filaments consisting essentially of poly (alpha-hydroxy helically wound elongated strands or filaments 12. The sets 

acid). The filaments have an average diameter from about of filaments 12 are interwoven in an over and under braided 

0.15 mm to about 0.60 mm; braiding the filaments at a braid configuration intersecting at points such as 14 to form an 

angle of from about 120 degrees to about 150 degress on a open mesh or weave construction. As described in greater 

braid mandrel of from about 3 mm to about 30 mm diameter; go detail below, at least one and preferably all filaments 12 

removing the braid from the braid mandrel; disposing the consists of one or more commercially available grades of 

braid on an annealing mandrel having an outer diameter of polylactide, poly -I -'act di (PI i A). poly-D-lactidc (I 1 1)1 A), 

from about 0.2 mm to about 10 mm smaller than the braid pcl\_l\e I \ \ Ii lycaj i 

mandrel diameter; annealing the braid at a temperature polygluconate, polylactic acid-polyethylene oxide 

between about the polymer glass-transition temperature and 65 copolymers, modified cellulose, collagen, poly 
the melting temperature for a time period between about 5 
and about 120 mi i I stent t cool 




I I I I I I 
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dinal splitting) was recorded for each test, and the results are length of one complete filament helix. The filament crossing 

plotted in j stresses s I failure pi ( siN fatigue plots angle was calculated from the average external diameter and 

in FIGS. 15-18). the pitch length using the equation, angle=180° ^Tan 1 ^/ 

Batch #53, with the lowest draw ratio of 6, had lower jrD), where p is the pitch length and D is the average external 

fatigue results or failures at lower stresses than the batches 5 stem diamf , ter mirjus twict , the gi ament diameter, 
extruded at the higher draw ratio of 8. Batches #54 and #55 
had similar fatigue results, and batch #56 had lower results 
than #54 and #55, bin had higher results than 53. The results 

indicate that the higher draw ratio and lower extrusion The uncut stents 10 were then cut to 30 mm lengths at the 

were Km, led tnln 0 Irene-h calheler 

mized. delivery systems. The delivery system is constructed of an 

pyampt fs ■> 1 n ™ Der mbe which slides over lbe 8 uidewire in an angioplasty 

EXAMPLES 2-10 procedure and an outer lube, [he Menl ,s tx, tile e Mended 

A ste-nl 10 was fabricated from about 0.24 mm diameter and radially contracted onto the outer surface of the inner 

PLLA monofilament 12 from spool 55-6. This spool was ~ tube and the outer tube is slid coaxially over the constrained 

selected because it had high UTS and modulus which are stent to hold it in the constramed condition. When the 

desirable mechanical properties for obtaining high stent delivery system is pnsiiioneel in ihe stricture to be treated, 

radial strength. The stent 10 was braided onto a 10 mm ,| ner tube is pulled back all i I n l spring off 

diameter steel bar mandrel. The braid was constructed of 24 M of the inner tube and self-expand to brace open the stricture, 

strai II rule of The nominal outer tube imier diameter was 2 8448 mm and 

25 degrees) Ihe luded angle I een interl ,ided flla- me inner tube outer diameter was 1.3208 mm. The calcu- 

mems m Ihe axial orientation is termed "braid angle" prior ,. lU .., , Mwlv| , , hc inlKr jnc , nllkr , llh e was I) 7i,4^ mm 

to annealing and is termed "filament crossing angle" after ?he ^ 10 were ]rft m the ^ s for x 


this trial, the braid was difficult to put ort the mandrel loading an 




1 m amslraint and are relieved at room tern- system yielded lower percent self-expansion than the p 

perature over a period of time which allows stent 10 to return type of delivery system (58-76% vs. 85-93%, respect! 


can be minimized, or if the magnitude of the relationship between stent radial force and annealed stenl 

_;n and delivery system 
m provides a method to deter- 
instead of days, it may be possible to increase the amount of 
self-expansion immediately upon deployment. In order to 

111 I i III! I 111 

;.:.T. i.i -h ivrlonikd will] k:-v\ stressing of ilk stent 111 
use of a larger profile delivery system, use of a larger gap 
between inner and outer tubes, a gentle loading technique, or 
use of an alternate delivery system design. 

The use d]';i pushcr-lvj Icliw resulls in giealer 

sdl-c\|\insion of I he stenl Uian a coaxial inner-ouler mix-- "•<■ 

i K i i i ;iss|]own in I II i 11. U« I. :. :.,« is made , , , 

to U.S. Pat. No. 4,954,126. For example, pushing Ihe results. The linear e , , t I the 

proximal end of the stent out, I I I el, . rv s " '" 1,1 "'"''i!' - ' 

svMeti, , i suits „,„,., r. .llopn,,,,,,,! Inn, It. sunt is force value. Example 16 below illustrates the methodology. 

released by sliding back the outer tube of the catheter 35 EXAMPLE 16 

delivers svslem Ixvaun the Men III is under axial mm- 

The radial force data in Table 6 for the 36-filament stents 

was plotted against llic values lui calcd stent diameter 

auo is illustrated in Fit;. 13 lor stent- 1(1 with 36 strands of 
0.36 mm diameter PLLA filament annealed at 140° C. for 15 
Experiments were performed using various PLLA " mtautes and deployed from a 36 French pusher-type deliv- 
monohTament braided stents 10. The stents 10 were annealed er >" system. 

on various sized tubular anneal mandrels and then loaded The graph is nearly linear. The slope and intercept were 

t. 1 I h .III dill lie Ills I In id I I ii.lt li li i n iklllil. J USIN. M .sets, I en. ululates I,,,,,, [|„ Itii, 121)11 

systems pushed the stent 10 out of a stainless steel outer 45 g, 19.4 mm and 113 g, 25.2 mm). 

tube. The 10 and 18 French delivery systems were inner and RF (g)-m (ann 0)+b where m is the slope and b is the 



EXAMPLE 11-15 


pulled back to allow the stent to spring open. The external 


200=(-l5)(l'J.4)+=4'il 


For example, if the target value for radial fo 
the stent length and pulling on each end of the wire to cause 150-(-15)(ann 0)+491 
radial contraction of the stent diameter to one-half of its annealed stent diameter-22.73 mm 
original (free) value. The ends of the wire were attached to 55 anneal mandrel diameter-stent di; 
a load cell to measure the force necessary to cause r; " ' 


.al mandrel diameter=21.29 mm 


imal diameter of the 
le external diameter ^ 


he experimental results for PLLA braided stent load and Similar ex 


loaded and deployed from the delivery system. The 


18 

Accordingly, the present inventio 
after deployment from the deliver; 

er PLLA filament. ThTs 


20.93 mi 

anneal mandn. I size n i Id a target imphnt size. Furthermore, the stent 10 would yields a radial force of 

EXAMPLE 17 10 about 155 grams as previously shown. 

.1. L3). Tb rph is nearly linear. The eter md radlal forcf: mimmizes the total number of design 

slope and interu pi ur ca] 1 using i.m v t, of coor- iterations for manufacturing and testing. Only two designs 

dinates from the line (16.4 mm, 19.4 mm and 23.4 mm, 25.2 15 must be made to allow the predictive equations to be 

mm). developed, 
deployed 0=w (ann 0)+ lie i ih *k>pe and b is the 

intercept. The PLLA filament stent 10 from Table 7 may be used 

m=16.4-23.4 19.4-25.2=1.21 w j m trie required delivery system. The linear equations can 

1 6.4-( 1 .2 1 )( 19.4)+fc fc=7.07 20 be derived me two tcst mA therea f ter me sten t 

deployed 0=(1.21)(ann 0)-7.(H 1 Liation 2 (36-filament PLLA steal) design may be optimized with regard to radial force and 

For example, if the target value for deployed diameter is implant size by predicting the necessary anneal mandrel 


TABLE 7 



The experiments indicate that stents 10 fabricated from 
the PLLA filament I 


applications. The stents 10 have measurable resistance t 
mandrel diameter=stent diameter— 4a where d is the {5 compression and exen a more gcnl i, , rec(k . s K |j II rce 
it diameter man me Elgiloy® stent on the lumen wall. Stents 10 ar 

mandrel diameter=20.93 mm therefore durable and flexible, and capable of being move 


through curved vessels or 
PLLA material is highly bioc 
Although PLLA is the most 


y. The 


eferred absorbable polymer, 
omer polymers can also De used. In particular, polv-D- 
lactide (PDLA), polyglycolide (PGA), polydioxanone, 5 
polycaprolactone, polygluconate, polylactic acid- 
polyethylene oxide copolymers, modified cellulose, 
collagen, poly(hydroxybutyrate), polyanhydride, 

polyphosphoester j 'I ) i i dated copolymers 

materials will oftcr id manes si lilar lo the most preferred l< 

EXAMPLE 18 
Stents 10 can be fabricated from 10 filament strands of 
0.15-0.25 mm diameter PLLA, PDLA, PLLA-PDLA I; 
copolymer, 0.20-0.30 mm diameter PGA PGA-PLLA 
copolymer, 0.22-0.32 mm diameter PGA-polycaprolactone 
copolymer, PGA-trimethylcarbonate copolymer, or 
0.25-0.35 mm diameter polydioxanone on a 3-6 mm diam- 
eter braid mandrel with a filament braid angle of 120-150 2< 
degrees while the braid is on the braid mandrel and annealed 
on a bar or tube mandrel that has an outer diameter 0.2-10 
mm smaller than the braid mandrel diameter at a tempera- 
ture between the polymer glass-transition temperature and 


EXAMPLE 21 
can be fabricated from 12 filament strands of 
mm diameter PLLA, PDLA, PLLA-PDLA 
0.40-0.50 mm diameter PGA, PGA-PLLA 


a anneal mandrel, cut to thi 


0.20-o' S 30 (1 
copolymer, 


for 5-120 m 


EXAMPLE 19 
fabricated from 
ameter PLLA, 1 


in axially extended, 


EXAMPLE 22 

!5 Stents 10 can be fabricated from 15 filament strands of 
0.30-0.40 mm diameter PLLA, PDLA, PLLA-PDLA 
copolymer, 0.35-0.45 mm diameter PGA, PGA-PLLA 
eepolvmcr. H..S7-0.H 1 ii.i 'mh PGA- >\\ iptulacloni 
cop< lymei I I \ i i 1 i i p I i s 

diamei.ct hraij mandrel wilh a lilamenl hraid allele oi 
11 111 i I i I ill riii III 

annealed on a bar ar mix' mandrel llal has an nuler dinmelei 
0.2-11) mm smaller lllan [us kaid mandrel diameler al a 
en the polymer gli 


a delivery system at le; 


;d position, cooled to about room 
temperature, slid oil the anneal mandrel, cut to the desired 
0 stent length, and loaded onto a delivery system at least <S 

EXAMPLE 23 
Stents 10 can be fabricated from 15 filament strands of 
0.35-0.15 nun diameter I'll A, PDLA, l>l I A-I'DI A 
copolymer, 0.40-0.50 mm diameter PGA, PGA-PLLA 
copolymer, 0.42-0.52 mm diameter PGA-polycaprolactone 


is 111 ca 


EXAMPLE 20 

n 12 fll 


ir PLLA, PDLA, PLLA-PDLA 
copolymer, 0.25-0.35 mm diameter PGA, PGA-PLLA 55 
copolymer, 0.27-0.37 mm diameter PGA-polycaprolactone 
copolymer, PGA-trimethylcarbonate copolymer, or 
0.30-0.40 mm diameter polydioxanone on a 3-8 mm diam- 
eter braid mandrel with a filament braid angle of 120-150 

the braid mandrel and annealed 6C 
t has an outer diameter 0.2-10 


re between the polymer glass-transition temperature and 
a melling cmperalure feu s_|20 mimilcs n air, vacuum, 
inert atmosphere with the braid in an axially extended, a 
ae, or contracted position, cooled to about room 


3e mandrel that has an outer diameter 


Stents 10 can be fabricated from IS filament strands of 
0.35-0.45 mm diameter PLLA, PDLA, PLLA-PDLA 
copolymer, 0.40-0.50 mm diameter PGA, PGA-PLLA 
copolymer, 0.42-0.52 mm diameter PGA-polycaprolactone 




linstn's and < 1 auric (1c re's Unilcd Slates Patenl Appli ca- 
ul entitled "Radiopaque Markers And Methods Oi Using 
ime", Ser. No. 08/905,821, filed concurrently he ' ' 

1 I i I | 


radially expanded state, and a second free state diameter of 


entitled "Bio absorb able Marker Havi 
stituents And Method Of Using Same ,: 
filed concurrently herewith, and coon 


sidered limiting. Further modifications of the invention 
herein disclosed will occur lo ibosi. skilled in llie respcclive 1 
arts and all such modifications are deemed to be within the 
scope of the invention as defined by the following claims. 
What is claimed is: 

1. A bioabsorbable implantable stent having a tubular, 
radially compressible and self -expandable braided and 2 " 


iet of between 5 and 18 filaments each of which 


direction of winding; 


tiK st^nt is r d 11 I ill I its lice dumclu 

whereby said predetermined fraction is one-half, and the 
radial force, RF, exerted by the sicnl. in grains, as a I unci km 

8. The bioabsorbable implantable stent of claim 1 wherein 
the stent is annealed at a temperature of from about 60° C. 
to about 180° C. for a period of time of from about 5 minutes 


lo about IM) C C. tor a period of time of from about 10 
10. The bioabsorbable implantable device of claim 1 


poly-D-la 


one of poly-L-lactid< 

illy solid and substar 
SQsile strength of froi 
ensile modulus of froi 


T - ric\ ice and I he lilanieiils ha\c a crossing angle of from a ho nl 

30 degrees to about 120 degrees. 

12. The bioabsorbable iniplaniaMc- stent of claim 1 
wherein ll . sler I is deployed from k ci s inlo a 
body lumen and the I i laments haw a crossing, angle of from 

o about 70 degrees to about 130 degrees. 

13. The bioabsorbable implantable stent of claim 1 
wherein the stent provides structural integrity to a body 
lumen for less than about 3 years. 

14. The bioabsorbable implantable stent device ol claim I 
5 wherein the stent further comprises polydioxanone, 

polycaprolactone, polygluconate, polylactic acid- 
polyethylene oxide copolymers, modified cellulose, 


body vessL' I upon deployment from the delivery- device; 

wherein said radial force, when the stent is radially 
constrained to a predetermined 1 1 ctionol'ilK inn led 


: of between c 
second free 


e stent of claim 1 


2. The; 
radially expanded 
from a deployment device, 
filaments crossing at an axially die 
about 80 and about 145 degrees w 
radially expanded state. 

3. The stent of claim 1 wherein the stent has a second fre 
radiallv expanded slale afler being loaded and ihen release 
from a deployment device, the first and second sets t 
filaments crossing at an axially directed angle of betwee 
about 90 and about 100 degrees when in the second fre 


id whereby 


17. The bioabsorbable implantable si 
wherein the filaments comprise polyglycolide an 
the stent substantially degrades in vivo in a time of from 
about 3 months to about 1 year. 

18. The bioabsorbable implantable stent of claim 1 
wherein the filaments further comprise polygluconate, 
polydioxanone, or combinations thereof and whereby the 


>orbabl ■ 
ent has at k 
to function as 


5 19. The b 

diameter so a: 


le implantable stent of cla 
re a tensile modulus of I n im 
30,000 psi. 

le implantable stent of cla 


ntable stent of claim 1 
lurality of the filaments 
n a braided configuration 

a endoprosthesis compris- 


30. The bioabsorbable implantable endoprosthesis ol 
claim 2N wherein the filaments consist of polyglycolide and 


from about 1 week to about 3 m 

32. the bioabsorbable implantable endopruMhosi 
claim 24 where 1 1 il I a men i substantially horn 

33. The bioabsorbable implantable endoprosthesi 


120 and about 150 degrees when in a free radially 
expanded stale after being annealed, to determine an 
annealed diamekr. I ), of the endoproslbesis in said five 1; 
radially expanded state; 

ilamei [ill i I mal I i 

a tensile strength of from about 15 ksi to about 121) f 
■a 1 ensile modulus of from aboul 200,000 psi ' ' 
2,000,000 psi, and an average thickness of fr< 


filaments act upon one another to create ao outwardly 
directed radial force and Che bioabsorbable implantable 


filaments cooperate to provide an 
radial force when tb '' 
constrained to 


endoprosthesis is 

radially constrained to 
annealed diameter, va 
function of the a 


;s substantially linear 


;r, D, is selected t< 
force when the endoprosthesis ii 

25. The bioabsorbable implantable endoprosthesis of 
im 24 wherein at I | i 

ilii i I nstrained to about half of its free 4: 

radially expanded diameter, wheivbv said predelermined 
fraction is one-half, the radial force RF exerted in grams, as 
a function of the annealed diameter, D in mm, is defined by 
about RF=-15D+491±20. 

26. The bioabsorbable implantable endoprosthesis of 5( 
claim 24 wherein the bioabsorbable implantable endopros- 
thesis is adapted to provide structural integrity to a body 
lumen for less than about 3 years. 

27. The bioabsorbable implantable endoprosthesis of 
claim 24 wherein tin I, b i hie i iplantable endopros 5: 
thesis include poly(alpha-hydroxy) acid. 

28. The bioabsorbable implanlable endoprosthesis of 
claim 24 wherein the filaments include at least one of 
polydioxanone, polycaprolactone, polygluconatc, po'ylaei ic 
acid-polyethylene oxide copolymers, modified cellulose, ec 
collagen, poly (hydroxybutyr ate), poly anhydride, 
polyphosphnestu p« 1 ( > ds) nid combinations 

29. The bioabsorbable implantable endoprosthesis of 
claim 24 wherein the bioabsorbable implantable endopros- 6: 
thesis substantially degrades in vivo in from about 1 year to 



D in mm, Is defined by the equation RF=-15D+491+ 


polyethylene oxide copolymers, modified cellulo: 
collagen, poly(hydroxybutyrate), polyanhydrid 
polyp hosphoester, poly(amino acids) and combinatio 
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BRIEF ON APPEAL 

This is a Brief on Appeal for the above-identified application in which claims 1- 
23 were finally rejected in an Office Action mailed October 5, 2004. A Notice of Appeal was 
filed in this case on December 1 7, 2004. This brief is submitted in accordance with 37 C.F.R. 
§41.37: 

(a) (1) Appellant must Be a brief under this section within two months from the date of Bins the notice of appeal under 
§41,31. 

(2) The brief must be accompanied by the fee set forth m §41.20(b)(2). 

(b) On failure to file the brief, accompanied by the requisite fee, within the period specified in paragraph (a) of this 
section, the appeal will stand dismissed. 

The fees required under § 41 .20(b)(2) and any required petition for extension of 
time for filing this brief therefor are dealt with in the accompanying Transmittal Letter. 


, 1 t • i is 3 t h e following item inner appropriate headings and in the order indicated in paragraphs 
(c Hllii! through (c)(1)(x) of this section, except hat - 'fiiea appellant who is not represented by a registered 
practitioner need only substantially comply with paragraphs (c)(1)(f) through (c)(1)(hr) and (c)(1)(vii) through (c)(1)(x) of 
this section: 
(i) Real Party in Interest 

(i) Real party in interest. A statement identifying by name the real party in interest 

The application is assigned to Boston Scientific Scimed, Inc., (former name: 
Scimed Life Systems, Inc.), SciMed Life Systems, Inc., One SciMed Place, Maple Grove, MN 
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55311-1566, a Minnesota Corporation and a subsidiary of Boston Scientific Corporation, One 
Boston Scientific Place, Natick, Massachusetts, 01760-1537, a Delaware Corporation. 


(ii) Related Appeals and Interferences 

(II) Related appeals and interferences. A statement Identifying by application, patent, appeal or interference number all 
other prior and pending appeals, interference u J, known to appellant, the appellant's legal 

representative, or assignee which may be 'elat i < tii yaffect r be directly affected by or have a bearing on the 
Board's decision in the pending appeal, Copies fanyde e - a rf fv a court orthe Board in any proceeding 
ist be included in an appendix as required by paragraph (c)(1)(x) of this section. 


(iii) Status of claims 


Claims 1-23 arc pending and have been rejected. No claims have been allowed, 
withdrawn, objected to or cancelled. The claims that are being appealed are 1-23. 


(iv) Status of amendments 

(iv) Status of amendments. A statement of the status of any amendment filed subsequent to final rejection. 

No amendment was filed subsequent to final rejection. 


(v) Summary of claimed subject matter 

(v) Summary of claimed subject matter. A concise explanation of the subject matter defined in each of the 
independent claims involved in the appeal vl specification by page and line number . 

and to the drawing, if any, by reference characters ^c, each id • nt lau in V in the appeal and 
for each dependent claim argued separately under the provisions of paragraph (c)(l)(vii) of this section, 
every means plus function and step plus function as permitted by 35 U.S.C. 112, sixth paragraph, must be 
identified and the structure, material, or acts described in the specification as corresponding to each 
claimed function must be set forth with reference to the specification by page and line number, and to the 
drawing, if any, by reference characters. 


Claims 1-23 pertain to processes for forming medical devices from polymer 
materials, especially polymer stents, and to medical devices produced thereby. The required 
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references to the specification and drawings are provided in brackets hi the claim summaries 
below. 

The invention provides a novel technique by which the molecular orientation of a 
formed polymer stent or a tubular stent preform can be improved to increase hoop-wise 
orientation. The process is particularly suited to balloon expandable polymer stents. Such stents 
typically have suffered from high elastic recoil after release of balloon inflation pressure [p. 4, 
hl.14-23]. 

According to independent claim 1 , a generally tubular stent of the polymer 
material is formed [p. 5, lines 7-9; Fig. 1 ; p. 8, ln.1-10]. Examples of how this step maybe done 
include molding, welding apattem-cut sheet, and cutting or etching a pattern into a cylindrical 

The formed stent is then radially expanded to produce an expanded diameter stent 
[p. 5, In. 10-20; Fig. 2]. Examples of how this may be done include using an expanding mandrel 
or collet, sliding over a tapered mandrel, and expansion with a balloon. The purpose of this step 
is to cause the molecular structure of the polymer to orient itself around the hoop, stretching 
causing molecular alignment in the direction of the elongation and increasing strength in the 
direction of orientation [p.S, ln.22-29] 

Then, the expanded diameter stent is annealed to shrink its diameter to a reduced 
diameter [p. 5, In. 21-25; Fig.3]. The purpose of the annealing step is to reduce or eliminate 
residual elastic stresses and to shrink the stent to size for deployment [p.9, In. 15-21]. 

According to dependent claim 2, the steps of radially expanding the stent and of 
annealing the expanded diameter stent are repeated at least once in sequence [p. 5, ln.25-27]. The 
annealing step causes some loss of orientation. Repetition of the radial expansion and annealing 
steps improves final molecular orientation by an incremental additive mechanism, [p. 9, ln.19- 
25]. 


According to dependent claim 3 the stent is formed by molding the polymer 
material [p. 8, ln.l]. 
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According to dependent claim 9 the step of radially expanding the stent is 
performed at room temperature [p.5, In. 12-14]. 

In dependent claiml2, a thermoplastic polymer stent having a molecular 
orientation as obtained by a process as in claim 1 is claimed, [p.5, ln.28 - p. 6, ln.2; Figs 3-5; p. 
9, In. 1-7; Fig. 7], In independent claim 13 a thermoplastic polymer stent having a hoopwise 
molecular orientation is claimed. 

In independent claims 15,17 and 21 the radial expansion and annealing steps are 
performed on a tubular article [p. 1 1, ln.23 - p. 12, In. 9]. According to claim 15, the radial 
expansion and annealing steps are repeated at least once in sequence [p. 12, ln.5]. According to 
claim 17 the polymer material is biodegradable [p. 12, ln.5-6]. According to claim 21, after the 
annealing step (c) a stent form is fashioned from the tube [p. 12, In. 69]. 

(vi) Grounds of Rejection to be Reviewed on Appeal 

(vl) Grounds of rejection to be rev/aired on appeal. A concise statement of each ground of rejection presented for 

Review on appeal is requested of the Examiner's contention that Stinson (US 
6,245, 103}, a commonly owned prior patent of the present inventor, anticipates claims 1-23. In 
particular for specified claim subgroups, applicant disputes the Examiner's contentions a) that 
Stinson shows an annealing step performed after a radial expansion step b) that repetition of the 
radial expansion and annealing steps in sequence is shown in the Stinson patent; c) that the 
Stinson patent shows a polymer stent formed by molding or etching; e) that the Stinson patent 
shows a radial expansion step performed at room temperature; e) that the Stinson patent shows 
stents having "hoopwise" molecular orientation; and f) that Stinson patent shows a process in 
which a stent pattern is formed from a tube that has first been subjected to sequential radiaEy 
expansion and annealing steps. 

Review on appeal is also requested of the Examiner's contention that claims 1, 13, 
15, 17and21 are obvious from Andrews et al (US 6,156,254) in view of Lennard et al (US 
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4,91 1,165). In particular applicant disputes a) that the Andrews patent shows a step of forming a 
stent, that Andrews has a col. 12, lines 25-28, that polypropylene filaments of Lennard et al have 
any relevance to the Andrews stent, and that motivation to combine the Andrews stent with 
Lennard sutures has been articulated. Additionally, for specified claim subgroups the applicant 
disputes: b) that the combination anywhere describes or suggests a process for forming a 
polymer stent; c) that a polymer stent, much less a polymer stent having hoopwise orientation, is 
taught or suggested by the combination; d) that repetition of the radial expansion and annealing 
steps in sequence is shown in the combination; e) that a polymer stent of biodegradable material 
is taught or suggested by the combination; and f) that the combination teaches or suggests a 
process in which a stent pattern is formed from a tube that has first been subjected to sequential 
radially expansion and annealing steps. 
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(vii) Argument 

(vii) Argument, The contentions of appellant with respect to each ground of rejection presented for review in paragraph 
, i i Hon, and the -h i ~ m tes, regulations, authorities, and parts of the 

record relied on. Any arguments or authorities not included in the brief or a reply brief Tiled pursuant to §41.41 will be 
refused consideration by the Board, unless good cause is shown. Each ground of rejection must be treated under a 
separate heading. For each ground of rejection applying to two or more claims, the claims may be argued separately or 
as a group. When multiple claims subject to the same ground of rejection are argued as a group by appellant, the 
Board may select a single claim from the group of claims thai are argued together to decide the appeal with respect to 
the group of claims as to the ground of rejection on the basis of the selected claim alone. Notwithstanding anycther 
provision of this paragraph, the failure of appellant to separately argue claims which appellant has grouped together 
shall constitute a waiver of any argument thai the Board must consider the patentability of any grouped claim 
separately. Any claim argued separately should be pieced under a subheading identifying the claim by number. Claims 
argued as a group should be placed under a subheading identifying the claims by number. A statement which merely 
points out what a claim recites will not be considered an argument for separate patentability of the claim. 


1, The Examiner Erred in rejecting claims 1-23 as anticipated by Stinson et al 
US 6,245,103 

a. Claims 1-12 and 15-23 - Annealing of a Radially Expanded Stent or 
Tube 

Anticipation under 35 U.S.C. Section 102(e) requires that "each and every 
element as set forth in the claim is found, either expressly or inherently described, in a single 
prior art reference." Verdegaal Bros., Inc. v. Union Oil Co. , 814 F.2d 628, 631, 2 USPQ2d 
1051, 1053 (Fed. Cir. 1987); In re Robertson, 49 USPQ2d 1949 (Fed. Cir. 1999). The Stinson - 
patent does not anticipate any of claims 1-23. 

The Examiner contends: 

Stinson discloses in figs 1, 4, 14 and table 6, a process for forming a stent having the 
limitations of claims 1-2, 12,15,17-18 and21-22, including: the process comprises the 
step of forming a tubular stent (10) of the polymer material (see col. 16, lines 21-27); the 
stent radially expanding to produce an expanded diameter stent, annealing the expanded 
diameter stent that shrinks from its expanded diameter to a reduced diameter (see col. 
12, lines 25-28 and col. 16, lines 2 7-67), and at least one time repeating of steps b) and c) 
in sequence. (emphasis added) 

The Examiner is clearly wrong. 

The stents of the Stinson patent are polymer stents formed from polymers. The 
process and the products formed, however, are very different from the inventions of claims 1-23 
of the present application. The Stinson stents are formed by braiding polymer fibers onto a 
mandrel and then annealing the braided stent onto a second mandrel of smaller diameter. After 
the annealing step the stent is stretched longjtudmally to a further reduced diameter at which it is 
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delivered. Upon delivery, the stent will self-expand to a deployed diameter less than the 
annealed diameter. The difference between the braid mandrel diameter and the anneal mandrel 
diameter can be varied to give a desired deployed diameter with in a predetermined range. 
Determination of the what the deployed diameter will be for a particular stent configuration, and 
what the radial force at a fraction thereof will be, is described and exemplified at col. IS, In. 40 - 
col. 17, In. 9. Separate stents are used with the different anneal mandrels to provide the 
reference data [see in particular col. 1 7, In. 4-9]. The data can be used to formulate linear 
equations that enable prediction of annealed stent diameter that will yield a target radial force 
value, or the deployed stent diameter from the annealed stent diameter, for a given braid design 
and delivery system size. 

Column 12, lines 25-28 of the Stinson patent, cited by the Examiner, is irrelevant 
to the subject matter of the present invention. It pertains to testing done on polymer /z/amen? 
properties to determine whether annealing would significantly change strength or modulus 
properties of the filaments (col. 1 1, In. 20-30). This is a test There is no indication that, in a 
stent forming process, the filaments are to be annealed before they are braided into the stent. 
Moreover, even if the filaments were annealed before they were braided into stents, such a 
process would be irrelevant to the process of the invention which only recites annealing of the 
stent. The filaments used to braid the Stinson patent stents are not themselves stents or tubular 
medical articles. Consequently, the Examiner has clearly erred in citing col. 12, lines 25-28 of 
the Stinson patent to justify his anticipation rejection. 

The citation of col. 16, lines 27-67 is equally inapt. This is a portion of the 
passage that we have already shown describes how to formulate linear equations that enable 
prediction of annealed stent diameter that will yield a target radial force value, or the deployed 
stent diameter from the annealed stent diameter, for a given braid design and delivery system 
size. It does not teach anything about annealing an expanded diameter stent. Annealing is 
performed on the stent as formed. 

As recited in claim 1, the "expanded diameter stent" is the product of a radial 
expansion step (b) performed on the already formed stent. It is this "expanded diameter stent" 
that is subjected to the annealing step (c), not the stent as formed. This is made absolutely clear 
in step (c) both from the word "then" in the lead-in to step (c) and in step (c)'s the reference to 
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"the expanded diameter stent," which necessitates that we treat the product of step (b) as the 
starting point for step (c). This is elementary method claim language. There is nothing tricky 
about the proper construction of the claim language. 

The stent of the Stinson patent is annealed from the stent diameter as formed, not 
from a "radially expanded diameter." The Stinson patent stent is not subjected to a radial 
expansion step until it is deployed, or in the case of the tests discussed in col. 16 when it is tested 
subjected to testing to determine deployed diameter and radial force. No annealing step takes 
place after such radial expansion. The stent of the Stinson patent is annealed before radial 
expansion occurs. The Stinson patent sequence described at col. 5, lines 31-39: ^ 

. . . make the stent at a particular diameter (A), anneal the stent at a smaller diameter (B), 
and deploy the stent from a delivery system of diameter (C) whereby the stent will be 
"programmed" to self-expand to a desired implant diameter (D). The relationship 
between the diameters is A>B>D>C. 
In this sequence diameter D is the only diameter that is achieved by a radial expansion step and 
hence the only "radially expanded" diameter. Diameter D is achieved after the annealing step 
has been performed. Therefore the Stinson patent does not anticipate the process of claim 1 and 
its dependents. 

A parallel construction applies to the article forming steps of independent claims 
15, 17 and 21. Therefore the Stinson patent does not anticipate these claims or their dependents. 

At least for the reasons just given the anticipation rejection of claims 1-23 should 

be reversed. 

b. Claims 2, 15-16, 18, and 22 - Repetition of the Radial Expansion and 
Annealing Steps in Sequence 

Claims 2, 15-16, 18, and 22 require repetition of steps (b) and (c) at least onetime 
in sequence. The Examiner contends that the same passages of the Stinson patent show this. 
The applicant has no idea what the Examiner is thinking. The Stinson patent does not show 
repetition of radial expansion and subsequent annealing steps on a formed stent. 
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c. Claims 3 and 23 - Polymer Stent Formed By Molding or Etching 

"Regarding claims 3 and 23," the Examiner asserts in the Final Action, "Stinson 
discloses the stent is formed by molding or etching the polymer material (see col. 1, lines 43-66). 
Once again, the Examiner is clearly wrong. 

Column 1, lines 43-66, of the Stinson patent is in the Background section of the 
patent and pertains to metal stents, not polymer material stents. No mention of molding or 
etching, much less of molding or etching a polymer stent, is found in this location. The polymer 
stents of the Stinson patent are made by braiding polymer filaments, not by molding. 

d. Claim 9 - Radial Expansion Step Performed At Room Temperature 

"Regarding claims 8-9," the Examiner asserts in the Final Action, "Stinson 
discloses the process has a temperature that is below the glass transition temperature of the 
polymer material; and wherein the step b) performs at room temperature (see col. 19, lines 22- 
50)." 

The Stinson patent does not show a radial expansion step at the cited location. A 
stent is formed on a braid mandrel, annealed at a temperature between glass transition 
temperature and melting temperature of the polymer material, and then cooled to room 
temperature. Cooling to room temperature after annealing is not radially expanding the stent at 
room temperature before annealing. 

e. Claims 12-14 "Hoopwise" Molecular Orientation 

"Regarding claims 13-14," the Examiner asserts in the Final Action, "Stinson 
discloses the stent has a hoop or circular orientation (see figs 1); and wherein the polymer is 
biodegradeable (see col. 2, lines 7-60)." 

Claim 13 recites a thermoplastic polymer stent having a "hoopwise molecular 
orientation." Claim 14 depends from claim 13. 

The hoopwise molecular orientation is substantially circular, as shown in Fig. 7 
and discussed at page 8, line 22 - page 9, line 5. The Stinson patent stents are formed from 
longitudinally oriented fibers wound in a helical braid of crossing fibers. The orientation is not 
substantially circular. Even assuming that the molecular orientation in the Stinson patent stent 
follows the longitudinal axis of the fibers, there is a substantial longitudinal component to each 
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fiber winding. For this reason the Stinson patent does not disclose a stent which anticipates 
claim 13 or claim 14 which depends therefrom. 

Because the process of claim 1 changes the molecular orientation of a stent 
toward a hoopwise orientation, the product of that process, recited in claim 12 is also seen to be 
patentably distinguished from the Stinson patent stents. 

f. Claims 21-23 - Stent Pattern Formed From a Tube That Has First 
Been Subjected To Sequential Radially Expansion and Annealing 
Steps 

Independent claim 21 recites a process for forming a polymer stent which also 
includes sequence recitations. In claim 21 a polymer rube is formed, radially expanded, the 
radially expanded tube is annealed, and subsequently the stent is formed from the annealed 
tube. That is, the stent pattern is provided after the tube has been both b) radially expanded and 
c) annealed at least one time. This may be accomplished, for instance, by machining or etching 
the tube alter the steps b) and c) have been performed. 

In the braided stent of the Stinson patent, tube formation and stent pattern 
formation are the same step, i. e. braiding the tube over a mandrel. There is no teaching or 
suggestion of the process sequence as recited in claim 21. 


2. The Examiner Erred in rejecting Claims 1, 13, 15, 17 and 21 as Obvious over 
Andrews et al US 6156254 in view of Lennard et al US 4,911,165 

Claims 1, 13, 15, 17 and 21 have been rejected under 35 US C 103 (a) over 
Andrews et al. (US 6,156,254) in view of Lennard et al (US 4,91 1,165). The rejection must be 
reversed. 

a. Claims 1, 13, 15, 17 and 21 - Misconstruction of References, 
Confusing Assertions, Absence of Motivation 

To support an obviousness rejection, the cited prior art must specifically suggest 
the combination as claimed, and it must be applied in the context of their significance to a 
technician at the time the invention was made, without knowledge of the solution. It is 
impermissible, simply to engage in hindsight reconstruction of the claimed invention, using the 
applicant's structure as a template, picking and choosing among isolated disclosures in the 
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various documents to supply elements to fill the gaps. The cited documents themselves must 
provide some teaching whereby the applicant's combination would have been obvious, again at 
the time the invention was made. US patent law is replete with cases that illustrate this principle. 
See e.g. In re Fine, 37 F.2d 1071, 1075, 5 USPQ2d 1596, 1600 (Fed. Cir. 1988); In re Oetiker, 
24USPQ2d 1443, 1446 (Fed. Cir. 1992); In re Fritch, 23 USPQ2d 1780, 1784 (Fed. Cir. 1992); 
In reKotzab, 55 USPQ2d 1313, 1316 {Fed. Cir. 2000); sad In re Dembiczak, 50 USPQ2d 1614 
(Fed. Cir. 1999). The Examiner has not made the requisite showing. 

The Examiner begins the explanation of the rejection on pages 3-4 of the Final 
Office Action as follows: 

Andrews et al show in fig. 10, a process having all the limitations of claims 1, 13, 
15, 17 and 21, including: the step of forming a tubular stent (10); the stent radially 
expands to produce an expanded diameter stent. However, Andrews et al do not disclose 
the step of annealing the expanded diameter stent that shrinks its diameter to a reduced 
diameter (see col. 12, lines 25-28). 

This is not correct. 

Andrews et al shows a stent in Fig 10 "which is a coil of stainless steel" (col. 9 
lines 19-24). Stainless steel is metal. Claims 1, 13, 15, 17 and 21 all pertain to processes or 
articles made of polymer, not metal. The Andrews et al stent is irrelevant to the present 
application. A skilled person will not look to this document to find a polymer stent or a process 
for forming a polymer stent. . 

Even if the stainless steel stent of Andrews et al were relevant to tire application, 
it does not show a step of forming a tubular stent as asserted in the Office Action. Andrews et al 
pertains to a balloon formation process, not to a stent formation process. It teaches nothing 
about forming the stainless steel coil stent of Figure 10. 

The Final Office Action fails to indicate how the sequence recited in claims 1, 15, 
17 or 21 are believed to be taught or suggested by Andrews et al. No such teaching exists. 

The Final Office Action refers to "col. 12, lines 25-28." There is no such 
location. The Andrews et al patent ends at the bottom of column 10. 

Continuing with the explanation of the rejection, the Examiner states on page 4 of 
the Final Office Action: 
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Lennard et al teach using polypropylene filaments then annealed in an oven and 
allowed to shrink from about certain percent of the original length (see col. 4, lines 55- 
65). 

It would have been obvious to one having ordinary skill in the art at the same time the 
invention was made to modify Andrews et al by adding polypropylene filaments then 
annealed in an oven and allowed to shrink as taught by Lennard et al et al in order to 
reduce the initial stretching and to allow the material to become constricted from heat or 
cold temperature, Furthermore, it will increase the final molecular orientation of the 
stent. 

This is not understood. 

Lennard et al pertains to surgical filament sutures. It doesn't pertain to stents at 
all, much less to polymer stents. How is the examiner proposing to accomplish "adding" the 
filaments? Are the polypropylene fibers being used in some way as sutures? If not, why are 
suture filaments being used? Are they being used to form part of the Andrews et al stainless 
steel stent? If so what part? 

The statement "in order to reduce the initial stretching and to allow the material to 
become constricted from heat or cold temperature," is understood to be an assertion of a 
motivation for the combination, but it is not understood what "initial stretching" is being referred 
to. Andrews et al doesn't describe an initial stretching of the Fig. 10 stent. Likewise what does 
"becoming constricted from heat or cold temperature" have anything to do with the Andrews et 
al stent? In Fig. 10 of Andrews et al, the stent is being implanted in the body where it is 
presumably at human body temperature. Still further, in what way will the addition of annealed 
polypropylene fibers increase the final molecular orientation of a stainless steel stent? 

All of these problems with the rejection as articulated by the Examiner were 
raised in response to the first Action in this application. None of them have been addressed in 
the Final Action. The Examiner simply repeated the initial rejection verbatim. 

Furthermore, the applicant does not understand the phrase "then annealed in an 
oven," and does not see how it relates to performing an annealing step after radial expansion of a 

hi any case, as we have noted with respect to the Stinson patent, use of annealed 
fibers to form a stent is irrelevant to the annealing steps recited in the various process claims. 
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The Examiner has not identified a reasonable motivation to combine the Andrews 
et al and Lennard et al patents and has not shown how any combination of teachings in these 
documents could produce the invention of any of claims 1, 13, 15, 17 and21 Reversal of the 
rejection under 35 USC § 1 03 is therefore respectfully requested. 

b. Claims 1, 15, 17, and 21 - Annealing Sequence 

Claims 15 and 17 pertain to processes for forming tubular articles, as to which 
Andrews et al's balloon forming process might be of interest. However, the steps of that balloon 
forming process are very different. In Andrews et al a composite rube is formed [col. 8, In. 6-26, 
Fig. 1], stretched to a reduced diameter [col. 8, In 27-33; Fig. 3], the ends are then heated [col. 8, 
In. 34-46], after which the material is cooled and stretching is released to allow the tube to return 
to its original diameter, except for the ends that had been heated [col. 8, In 47-56, Fig 5]. 

In claims 15 and 17, and in the stent forming process claims 1 and 21 as well, the 
annealing steps are all performed in a sequence and occur after a radial expansion of a formed 
stent or a formed tube. To the extent that end heating step of Andrews et al is considered an 
annealing step, it follows a radial reduction step. The Andrews sequence for balloon formation 
therefore cannot be considered to render obvious the processes of claims 15 or 17, much less of 
claims 1 and 21. 

c. Claims 1 and 21 - Polymer Stent Forming Process 

Claims 1 and 2 1 pertain specifically to processes for forming polymer stents. 
Since neither Andrews et al nor Lennard et al describe stent forming process, much less a 
polymer stent formation process, these claims cannot be rendered obvious by the combination, 
even if such a combination was properly motivated. 

d. Claim 13 - Polymer Stent 

Because the only mention of a stent in either patent is a metal stent, claim 13, 
which is directed to a polymer stent, is also not prima facie obvious. Moreover, claim 13 also 
recites that material has hoopwise molecular orientation. Since neither Andrews et al nor 
Lennard et al show a polymer stent, hoopwise orientation of such a stent cannot be obvious 
therefrom. 
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e. Claim 15 - Repetition of the Radial Expansion and Annealing Steps in 
Sequence 

As previously described, Claiml5 requires repetition of steps (b) and (c) at least 
one time in sequence. The Examiner has not shown where this feature can be found in the 
Andrews et al or Lennard et al. 

f. Claim 17 - Biodegradable Material 

Claim 17 recites a process for forming a tubular article in which the polymer 
material is biodegradable. Andrews pertains to formation of balloons, the disclosed materials of 
which (PET and polyurethane) are not considered biodegradable, and illustrates use with a 
stainless steel stent, also not biodegradable. Lennard et al describes a process for forming 
polypropylene sutures. Polypropylene sutures resist breakdown, have minimal reaction with 
tissue, and maintain strength in vivo over extended periods [Lennard et al, col, 1, In. 16-24], all 
identified by Lennard as advantages of the material. The skilled person would not consider the 
Lennard et al to teach or suggest use of a biodegradable polymer material for sutures, much less 
in a process Tor forming a tubular article. 

f. Claim 21- Stent Pattern Formed From a Tube That Has First Been 
Subjected To Sequential Radially Expansion and Annealing Steps 

As previously described, in claim 21 a polymer tube is formed, radially expanded, 
the radially expanded tube is annealed, and subsequently the stent is formed from the annealed 
tube. That is, the stent pattern is provided after the tube has been both b) radially expanded and 
c) annealed. Neither Andrews et al nor LennaTd et al show a process for forming polymer stent, 
much one in which the stent is formed from a tube after it had been radially expanded and then 
annealed. 

3. Conclusion 

The Examiner has made numerous mistakes in characterizing the disclosures of 
the Stinson, Andrews et al and Lennard et al patents. Claims 1-23 are not anticipated by the 
Stinson patent. The Examiner has not shown a motivation to combine the Andrews et al patent 
and the Lennard et al patents and when combined, the teachings of those patents still fail to teach 
or suggest the subject matter of any of claims 1-23. Claims 1-23 therefore are not obvious from 
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Andrews et al taken with Lennard et al. The Board is respectfully requested to reverse the 
rejections with instruction to pass the application to issue. 


6109 Blue Circle Drive, Suite 2000 
Minnetonka, MN 55343-9185 
Telephone: (952) 563-3000 
Facsimile: (952) 563-3001 


WJS/hjs 

t pwort i o><; 19-appealbrf.doc 


Respectfully submitted, 


VTDAS, ARRETT & STEINKRAUS 


Date: Febmary 14, 2005 



Walteflf. Stemkraus 
Registration No.: 29592 


Application No. 10/037036 
Page 16 


Brief on Appeal 
Attorney Docket No. S63.2-9919-VS01 


{viii) Claims Appendix 

(viii) Claims appendix. An appendix containing a copy of the claims involved in the appeal. 

1 . (Previously Presented) A process for forming a stent of a polymer material, the process 

comprising the steps of: 

a) forming a generally tubular stent of said polymer material; 

b) radially expanding the stent to produce an expanded diameter stent; and then, 

c) annealing the expanded diameter stent to shrink its diameter to a reduced 

2. (Original) A process as in claim 1 further comprising at least one time repeating 

steps b) and c) in sequence. 

3. (Original) A process as in claim 1 wherein in step a) the stent is formed by molding 

the polymer material. 

4 (Original) A process as in claim 3 wherein the polymer material is thermoplastic. 

5. (Original) A process as in claim 4 wherein the polymer material is biodegradable. 

6. (Original) A process as in claim 1 wherein the polymer material is selected from the 
group consisting of poly(alpha-hydroxy acid), polylactic acid-polyefhylene oxide copolymers; 
modified cellulose; collagen or other connective proteins; adhesive proteins; hyaluronic acid; 
polyanhydrides; polyphosphoesters; poly(amino acids); copolymers thereof; and mixtures of any 
of said materials. 

7. (Original) A process as in claim 6 wherein the polymer material is a 
poly(alpha-hydroxy acid) selected from the group consisting of homopolymers and copolymers 
of polylactide (PLA), poly-L-lactide (PLLA), poly-D-lactide (PDLA), polyglycolide (PGA), 
polydioxanone, polycaprolactone, poly(hydroxybutyrate), polygluconate, and mixtures thereof. 
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8. (Original) ■ A process as in claim 1 wherein the step b) is performed at a temperature 
below the glass transition temperature of the polymer material. 

9. (Original) A process as in claim 8 wherein the step b) is performed at room 
temperature. 

10. (Original) A process as in claim 1 wherein the step c) is performed at a temperature 
above the glass transition temperature of the polymer material. 

11. (Original) A process as in claim 10 wherein the step c) is performed at a temperature 
within the range of about 90DC to about 150DC. 

12. (Original) A thermoplastic polymer stent having a molecular orientation as obtained 
by a process as in claim 1. 

13. (Original) A thermoplastic polymer stent having a lioopwisc molecular orientation. 

14. (Original) A stent as in claim 13 wherein the thermoplastic polymer is 
biodegradeable. 

15. (Original) A process for forming a tubular article of a polymeric material, the process 
comprising the steps of: 

a) forming a generally tubular article of said polymeric material; 

b) radially expanding the article to produce an expanded diameter article; and then, 

c) annealing the expanded diameter article to shrink its diameter to a reduced diameter, 
and wherein at least one time steps b) and c) are repeated in sequence. 

16. (Original) A medical device adapted for body lumen navigation and/or treatment 
produced by the process of claim 15. 
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1 7. (Original) A process for forming a tubular article of a polymeric material, the process 
comprising the steps of: 

a) forming a generally tabular article of said polymeric material; 

b) radially expanding the article to produce an expanded diameter article; and then, 

c) annealing the expanded diameter article to shrink its diameter to a reduced diameter 
and wherein the polymer material is a biodegradable polymer. 

18. (Original) A process as in claim 17 wherein at least one time steps b) and c) are 
repeated in sequence. 

19. (Original) A process as in claim 17 wherein the polymer material is selected from the 
group consisting of poly(alpha-hydroxy acid), polylactic acid-polyethylene oxide copolymers; 
modified cellulose; collagen or other connective proteins; adhesive proteins; hyaluronic acid; 
pnlyanhydrides; polyphosphoesters; poly(amino acids); copolymers thereof; and mixtures of any 
of said materials. 

20. (Original) A medical device adapted for body lumen navigation and/or treatment 
produced by the process of claim 17. 

2 1 . (Original) A process for forming a stent of a polymeric material, the process 
comprising the steps of: 

a) forming a tube of said polymeric material; 

b) radially expanding the tube to produce an expanded diameter tube; 

c) annealing the expanded diameter tube to shrink its diameter to a reduced diameter; 

and subsequently 

d) forming a stent from the annealed tube. 

22. (Original) A process as in claim 21 wherein the steps b) and c) are repeated at least 
once before step d) is performed. 
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23. (Original) A process as in claim 21 wherein in step d) the stent is formed by 

machining or etching the reduced diameter tube obtained from step c). 
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(ix) Evidence appendix, An appendix containing copies of any evidence submitted pursuant to §§1. 130, 1.131, or 1. 132 
s eorof any other evidence entered by the examiner and relied upon by appellant in the appeal, alongwitha 


appendix may also include copies of the evidence telied upon by the examiner as to grounds of rejection to be 
Not applicable 

(x) Related proceedings appendix. An appendix containing copies of decisions rendered by a court or the Board in any 
proceeding identified pursuant to paragraph (c)(1)(H) of this section. 

Not applicable 

(2) A brief shall not include any newer non-admittsd amendment, or any new or non-admitted affidavit or other . 
evidence. See §1.116 of this title for amendments, affioavits or other evidence filed after final action but before or on 
the same date of filing an appeal and §41.33 for amendments, affidavits or other evidence filed after the date of filing 
the appeal. 

(d) II i 1 rlef is lilud which does not comply with all the requirements of paragraph (c) of this section, appellant will be 
notified ot 'the reasons for non-compliance and gwr it if file an amended brief. If appellant 

does not tile an amended brief within the set 'ime period, or riles an amended brief which does not overcome allihe 
masons for non-compliance stated In the notification, the appeal will stand dismissed. 


statement setting forth where in the record that evidence was enl 
unentered evidence is no' permitted in the brief. See §d1,33 'or I, 
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(e) The time periods set forth in this section are extendable under the provisions of §1. 136 of this title for patent 
applications and §1 550(c) of this title for ex parte reexamination proceedings. 
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BACKGROUND OF THE INVENTION 


hfflary stents, are believed to be biologically stable, also remain in the body 
o support a body lu foithepatient'slife.ijnlesssurgicallyreiriovedatalaterdate 

it within the! 

- .... undertake a s 

medical procedure, such as angioplasty, used to ^ remove the stent, which is difficult or impossible in most 

Conventional stents have taken two forms. First, there are Conventional balloon-deployed ste . 
the self-expanding stents that typically are made of metal, by Palmaz, also require an extensively perforated sti 

-'-- J - a biocompatible coating. Such stents that can be mechanically expanded mrrMuminally . 

■ an body by deploy- 2Q balloon catheter without applying forces that are potentially 
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expand the stent, and also to resist collapse after deploy- a risk that the stent will soften in the body and collapse ^if the 
raent The characteristics of the perforations also affect the temperature rises as a result of fever or other similar 


perforations may be placed to accomplish desirable biologi- adverse conditions resulting from collapse or deformation of 
cal effects, such as control ingrowth or migration, at dis- j the softened stent, 
tances that maximize the ability to prevent lumen narrowing, 
and that also foster cell ingrowth for the particular body 
lumen. The design thus may be selected to optimize the 
mechanical properties required of the stent with the biologi- 
cal properties that are desired fir — 

In a particularly preferred smh 
radio-opaque contrast material is incorporated into the stent, 

conventional radiographic techniques. The radio-opaque 
material may take the form of a platinum wire or other , 


or inserted through perforations in the stent. Alternatively, 
theiadio-opaque material may take the form of line particles 
of barium sulfate that are blended with the copolymer from 
which the stent is made; in this case, the radio-opaque x 
material must not adversely impact the mechanical proper- 
ties of the copolymer, and must be biocompatible. 

When the stent is expanded, any perforations that arc 
included in the stent also are expanded, and their shape is 
changed. This is illustrated in FIG. S, which is an expanded 
version of the stent depicted in FIG. 1. 

Regardless of the macrostructure of the stent, the stent of 
the present invention is prepared from a copolymer of 
i.-lactiJe and c-caprolactone " ' ' -"— 


nt quantities of L-lacude and 

lie in each component of the blend) or of each 
homopolymer also may be ui ' • " 1 " 



„ jt normal body temperatures to support the body 

lumen. Thus, when heated, the copolymer should be expand- V. 
able near its glass-transition temperature, in the range of 
about 38°-55° C, but the copolymer should not melt (viz., 
become a flowable liquid) within 



thereby interfering with healing following the deployment of 65 
temperature of the polymer is below about 38° C (to 
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the invention, as it results in a circumferential drawing of the 
extruded stent, helping to orient the copolymer molecules, 
and thereby enhances the modulus and strength of the 


le polymer chains and crystallites c 

„ ferentially. It is believed that this expansion method, used 
within the temperature range of about 38°-55° C, results in 
the preferential orientation of the polymer chains in the 
al. This low temperature 



ired as a function of the cross-sectional area of 
defining the end of the stent prior to and after 
expansion. The draw ratio should be above about 1.2, and 


Table 1 by an asterisk). 
FIG. 6 shows the effects of material composite 
le strain of each of the materials 
ed in FIGS. 6 A and 6B, it can be 



- 25 The copolymer used in the pr 
DSC obtained from Purac Bloc- 
Netherlands) in the nominal 

molecular weight oligomers, catalysts, ai 


used, may be necessary) to increase the purity of the 
copolymer over that which is commercially available. This 
purification process yields a copolymer of better-known 
••' - '•*■—* — increases both the predictability 


(but are not limited to) ethyl acetate, chloroform, 
tetrahydrofuran. The copolymer solution is mixed with 

the solvent, but in 

that the copolymer 
appreciable quantities of impurities or unreacted 
" ~ "t of solution. For example, a 
. of the copolymer may be mixed 
copolymer to fall out of solution, 
is removed from the copolymer 
onal techniques. 
To form the stent, the copolymer thus prepared is melted 


re of the die to form a cylindrical tube of the desired wall thickness, 
>n line while hot, or preferably is cooled before cutting. The 



entation (along the lonj 

js of the tube) that is introduced by the extrusion process 
Following expansion, the polymer is allowed to cool, but The extrusion and quenching processes also are used tc 
because plastic deformation has occurred, the stent remains 60 control the degree of crystallinity of the extruded tube, by 
open. Attempting to expand the stent of the present invention locking in the amorphous structure of the extruded polymer, 
t-i — giass-n-ansition temperature causes the stent to thereby reducinj " 
a result of its brittle or glassy characteristics within the desire 

tldbepoten- the copolymers are nearly ar 


result of being expanded improperly. Thus, 


The ste 




according to the invention is made from a low water content 
material, it will be heated preferentially by such a micro- 
wave antenna before body tissues are adversely affected. If 
such a heating technique is used, it may be desirable to 
modify the stent to include material enhancing the stent's 


is. The 

si by using an alternating 


current field with a high frequei 

(e.g., 2.45 GHz, 1.5 kW) in a manner known to the art. The 
advantage of this method of heating is that low temperature 
he heated medium will be retained microwave heat-drawing is believed to produce similar 
' 5 physical properties at lower temperatures f 

methods described herein, since the amorphoi 
selectively targeted. As previously mentioned, it is believed 
that the expansion observed within the temperature range of 
■ ut 38°-55° C. is due to the orientation of the polymer 
m — ins in the amorphous domains. This method is believed 
37° C. water bath using a saline solution in place of a to allow deployment with minimal transfer of heat to the 
contrast medium, holding the saline solution at 60° C. for surrounding tissue, and avoids the need for positive cooling, 
about three minutes. Another embodiment uses a balloon that Is coated with a 

— er, and depending microwave sensitive material that selectively heats when 

' ' microwave radiation. Heat transferred from this 
— „ — Jes the temperature of the stent to permit th( 
the flow of fluids, such as blood, through the body lumen is mechanical expansion. 

it, the balloon may be coated 
;e that heats upon exposure to 
e 3d decttomagneucradiation(suchasultraviolctlig))IKwhirhis 
introduced through the catheter using an optical fiber to heat 
it according to the present the stent in situ. 

in its unexpanded state along These embodiments reveal that the invention is not lim- 
» portion of a balloon catheter, and ited to a single method of deployment. Oilier heating and 



5. Thcstc 

6. The stt_ . 

to Rappaport, microwave energy first heats low water con- 65 radio-opaque m 
*— t materials, leaving high water content materials (such as 7. The stent or cjuum i, wner 
ly tissue) relatively unaffected. Because the stent made blended with the copolymer. 


he drug is ; 

the group consisting of antithrombotics, 
antimitogens, antimitotoxins, antiscnse a _ 
gene therapy vehicles, nitric oxide, growth 
inhibitors, Hirudin, Hirugen, Hirulog, PPACK, 
D-FPRCH 2 C1, Heparin, and Warfarin. 
9. The stent of claim 1, ■ ■ 



coating is about 25 |im 

ll.Thesta — 
with a drug. 

from the groi . 

anticoagulants, antimitogens, antimitotoxins, antisense 

oligonucleotides, gene therapy vehicles, nitric oxide, growth 15 ^ m Jllwl „„ . „ 
factors and inhibitors, Hirudin, Hirugen, Hirulog, PPACK, comprising the step of ble _ 
D-FPRCH 2 C1, Heparin, and Warfarin. 28. The method of making a stent of claim 27, wherein me 

l^Theaentofclaim 9,wheremthecoatmgis a blend of & u selecte(J from thc consisting of 

a bicKkgradaHematendwimlulmaous materials selected ant f thromboticSj anticoagulants, antimitogens, 

from the group consisting of poly(ethylene glycol), poly 20 aniiinromDoii , ,. _ „*,__ .... J 

(vinyl alcohol), poly(vinyl pyrrolidone), poly(acrylic — JJ% 
poly(methacry]ic acid) and polyacrylamide. 

14. The stent of claim 9, wherein the coating 



in the thickne, f th r , tl , glycol p i Hvm yl alcohol) polyvinyl 

17. The stent of claim 15, wherein the coating is a blend S^^^J^SS^SS^ 
of a biodegradable material with lubricious materials 33.Thememodofmatogastent ^of clam29.wh«emthe 
selected fromAe group consisting of polyethylene glycol), * > copolymer of a biodegradable material with a 
polv(vinyl alcohol), polyvinyl pyrroUdone), poly(acrylic lubricious matenals selected from Ac group consisting o 

i p i to b - Ik acd) and pohacrvlam.de 45 monomer constituents of poly(eAylene glycol), poly(vmy 

18. The stent of claim IS, wherein Ae coating is a alcohol), polyvinyl pyrroUdone), poly(meAacryhc acid) 
copolymer of a biodegradable material with lubricious mat 


acid) and polyacrylamide. and Aat is Ai 

ire between about 38°-55°C.; 


creating a tube from Ae copolymer having a 


from the group consisting of antithrombotics, 
l I l t 1 . ude.growtt 

D-FPRCH,C1 Hi 



of making a stent of claim 34, wherein Ae 
stent is thermo-mechanicaTly expanded so Aat Ae draw ratio 
retained upon an 65 of Ae expanded stent is greater A " " 


providing percutaneous a 
placing the unexpanded 
panded hollow, nonwoi 

' "de and e-caprolactone, upon a balloon portion 




it of claim 46, further 
blending a drug with the coating, 
airing a stent of claim 47, wherein the 
ielected from the group consisting of 


oligonucleotides, gene therapy 


the coaling is 

XJ lubricious mat .... ... .. v . I ^ iJL .„ s „. 

37. The method of deploying a stent of claim 36, wherein poly(ethylene glycol), polyvinyl alcohol), poly(vinyl 
_.e stent is heated by employing a heated material within the pyrrolidone), poly(methacry]ic acid) and polyacrylamide 

3H5H ' : " 2 ™£t . ^ssszzsxusl 

group consisting of microwave heating, DC heating. RF lubnaous materials selected from the group consisting of 
heating, and heating using ultraviolet radiation monomer constituents of polyethylene glycol), polyCvinyl 

39. The method of deploying a stent of claim 36, wherein P°ly(vinyl pyrrolidone), poly(methacrylic acid) 

the stent is made from a copolymer having a ratio of and polyacrylamide. 

L-lactide to «-caprolactone in the range from about 90: 10 to 51. A method of deploying an expandable, biodegradable 

about 98:2. 25 steB t within a body lumen '- ■ " 

the 4 Lm is^erfora R ?' l0yi,18 * ^ ^ 3< ' P 1 ™"^ percutaneous 

41. The method of deploying a stent of claim 36, wherein placing the unexpanded stent, in me form of an unex- 

the stent is perforated, the perforations placed , " """" * 

relaUve to each other corresponding to cell ingrowth patterns 
within the body lumen. 

42. The method of deploying a stent of claim 3«, wherein 
the stent is nonwoven. 

43. The method of deploying a stent of claim 36, 
the stent includes a radio-opaqu 

44. The method of deploying 
the stent includes a drug blende 

45. The method of deploying a stent of claim 44, i 
the drug is selected from the group consisting of 
antithrombotics, anticoagulants, antimitogens, 


panded hollow, nonwoven tube made 
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[57] ABSTRACT 
A plastic stent for a prosthetic trileaflet heart valve 
consisting of a cylindrical body portion terminating at 
one end in three apical, spaced commissure posts, and at 
the other end, in a skirt comprising three arcuate exten- 
sions, each extension being provided with an inter- 
rupted channel adjacent the outer edge thereof. An 
optional metal ring may be mounted over the skirt adja- 
cent the body portion. A cloth cover is secured to the 
stent by stitching directly through the skirt in the area 
of reduced thickness resulting from the interrupted 
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IC HEART VALVE 


4,816,029 

try with the valleys of the upper pc 


This in 

stent for mounting a trileaflet heart valve constructed of 
natural or synthetic materials, particularly for aortic 
valve replacement 
2. Description of Prior Art 

Frame-mounted, trileaflet heart valves have been 
widely used for many years as a prosthetic replacement 
for defective aortic valves in humans. Natural tissue 
valves have been constructed by mounting gluteralde- 
hyde-fixed porcine heart valves in a suitable framework 
or stent as described, for example, in U.S. Pat. Nos. 
3,570,014, 3,755,823, 3,983,581 and 4,035,849. Similar 
trileaflet valves have been constructed from autologous 
and hemologous fascia lata and dura matter, and from 
heterologous pericardium mounted in a suitable stent as : 
described, for example, in U.S. Pat. Nos. 4,084,268 and 
4,172,295. 


Each arcuate extension of the skirt is provided with 
an edge channel adjacent the lower edge thereof over a 
major portion of the perimeter of the extension. A side 
' channel centrally disposed in each arcuate extension 
extends from the edge channel toward the upper body 
portion of the stent. The edge channels are character- 
ized by having a lower side wall which angles from the 
outer edge of the skirt 



constructed from tubes and fdms of biocompatible poly- 25 Xne lower sldrt ^ 

mere such as polyurethane. Such valves are also ,!,;„„„ ,„.n „„j ™.n. 

mounted in a stent as described, for example, in U.S thlnner wall and smaD. 

Pat. No. 4,222,126. ? Upper body 150rtlon of 

noncorrosive metals such as stainless steel and of plastic 30 
such as polypropylene or polyethylene. Plastic stents 
for porcine valves as described in U.S. Pat. Nos. 
3,570,014 and 3,755,823 have an intricate design which 
requires fabrication by machining from a solid block of 
polymer at great expense. Plastic stents as described in 35 
U.S. Pat. Nos. 3,983,581 and 4,035,849 are of a simpler 
design and may be formed by injection molding. While 
such stents are inexpensive, ' ' 


during the stitching procedure. 

" * portion of the stent preferably has a 
smaller outside diameter than the 
upper body portion of the stent, thereby creating a 
lircumferential ledge in the outer wall at the line of 
uncture between the skirt and body portions. The stent 
nay be circumferentially reinforced and made radi- 
ipaque if desired with a metal ring fitted about the 
mtside of the skirt adjacent the ledge formed by the 
lpper portion. Preferably, the thickness of the ring 
informs to the width of the ledge so that the outside 


of heat lamination. « 

It is accordingly an object of the present invention to 
provide an improved stent for mounting a porcine heart 


It is another object of this ii 
for mounting a trileaflet heart 
are constructed of natural or 

It is a further object of tl 
stent for a prosthetic heart va 


it, the metal ring is fully covered and securely fixed 


therein the leaflets 4 
ic sheet materials, 
ition to provide a 


It is a yet further object of this invention to provide 5 
an improved heart valve stent which may be injection- 

These and other objects of the present invention will 
be apparent from the ensuing description and claims. 5 
SUMMARY OF THE INVENTION 

This invention is directed to an improved design and 
construction of a heart valve stent particularly adapted 
for use in constructing a prosthetic, aortic heart valve 6 
utilizing natural or synthetic material. The stent itself is 
injection-molded of a suitable biocompatible, polymeric 
material such as polypropylene or polyethylene. 

The stent has a cylindrical upper body portion com- 
prising three circumferentially-spaced, axially-extend- ( 

valleys. The lower portion c 
'- ! rg three d 



_ the metal ring and with the cloth 
cover and sewing cushion shown in partial section. 

FIG. S is a view in cross-section taken along line 5—5 
of FIG. 4. 

FIG.6isavi( 
of FIG. 4 and t 

FIG. 7 is a view in cross-section taken along line 7—7 
of FIG. 4 at a point midway between FIGS. 5 and 6. 
FIG. 8 is a view in perspective of a heart valve stent 
' the optional metal 

DESCRIPTION OF INVENTION 
Referring now to FIG. 1, there is illustrated a plastic 
stent 10 according to the present invention, including an 
optional metal reinforcing ring 14. The stent consists of 
a cylindrical upper body portion 11 terminating in three 
axially-extendmg, commissure posts 12 interconnected 


es the metal ring in place as illustrated in FIG. 6. 
dditional stitch 28 through side channel 30 taken 
immediately below ring 14 as illustrated in FIG. 5 Air- 
es 17. The arcuate extensions are in registry with ther secures the ring and tacks the outer cloth cover in 
the valleys of the upper portion while the interconnect- 5 place. A similar tacking stitch 29 placed through hole 22 
ing arches are in registry with the commissure posts. is seen in FIG. 6. 
In a preferred embodiment as illustrated in FIG. 1, The fabric from the inner cover extends from the 

outside diameter of the body portion of the stent washer of an elastomeric material such as silicone rub- 
thereby creating a circumferential step or ledge 18 in 10 ber or a torus formed from a rolled or folded tube of 
the outer surface of the stent along the line of juncture fabric such as a polyester double-knit velour. The edge 
of the body and skirt portions. Metal ring 14 is sized to of the inner cover is folded under and stitched at 26 to 
fit snugly around the outside of the skirt abutting the secure the sewing ring and edge of the outer cover as 
upper body portion, and the outer diameter of the metal illustrated in FIGS. 5 through 7. It will be noted that the 
ring is substantially the same as that of the body portion 15 sewing cushion follows the contour of the arcuate ex- 
of the stent so that when in place, the metal ring forms tensions of the skirt as illustrated in FIG. 4, and the 
an extension of the outer wall of the body portion of the position of the sewing cushion relative to the metal ring 
stent. FIG. 2 is a view in cross section through the stent varies as illustrated in FIGS. 5 through 7. 
midway between two commissure posts showing the The channels in the skirt around the base of the stent 


he circumferential ledge 2C 
of the stent. FIG. 3 is a similar view in cross section 

through a commissure post. The channels permit the cloth cover to be stitched 

With further reference to FIG. 1, the skirt is provided directly to the stent in a positive and reliable manner. 

' ' lg the lower edge of the de- The thickness of the skirt in the area of the base of the 
5 channel is sufficiently thin to provide minimal resis- 

of a channel rather than an open slot provides support 

a centrally base of the channel assures the stability of the stitch and 

disposed side channel 30 extending from the edge chan- 30 the cloth covering providing a definite functional ad- 

nel toward ledge 18, the distance between the blind end vantage. The unique shape of the channel, particularly 

of channel 30 and ledge 18 being no greater than the the angled lower side wall, permits the stent to be injec- 

width of ring 14. tion molded with a simple, one-piece mold. When the 

Edge channels 19 are configured as best illustrated in stent is removed from the mold, the angled channel side 

the cross-sectional views of FIGS. 2 and 7 where the 35 wall acts as a cam surface to deflect the bottom edge of 

channel is seen to have a lower side wall angled toward the skirt inward and thereby permit passage of the skirt 

the edge of the arcuate extension. The upper side wall overt" ' '' " ' ' " 

of the channel is substantially perpendicular to the out- chann. 
side surface of the skirt, and the base of the ct 
preferably concave as " 
curve with the side walls. The side cl 

from the base of the edge channel, and the walls of the The stents of the present invention are preferably 

side channel may be substantially perpendicular to the injection-molded of polypropylene or other suitable 

outside surface of the skirt. biocompatible thermoplastic polymeric material. Poly- 

The stent of the present invention is further provided 45 propylene is particularly preferred because it is readily 

with a first opening 21 in the apical portion of each molded, has good strength, and has a moderate degree 
commissure post, and a second opening 22 in the base of of flexibility which is desirable to relieve stresses on the 

each commissure post proximal to step 18. These open- stent and the valve material during use. Other suitable 

ings can be molded, but are preferably drilled and de- materials include Delrin polymer (a polyformaldehyde 

burred in a separate operation after molding. 50 of greater than 15,000 molecular weight sold by Du- 

The stent of FIG. 1 is prepared for use in mounting a Pont), Lexan polymer (a polycarbonate), nylon (a hexa- 

heart valve by adding a cloth cover and a sewing cush- methylene diamine-adipic acid polymer) an ' ' ' ' 

ion as illustrated in FIGS. 4 through 7. FIG. 4 is a view " -•• " 
in perspective of the stent of FIG. 1 with the cloth 


er section joined at seam 24 which is an oven at about 90° C. for 2C 

positioned on the outer surface of the stent to avoid While the preceding de 

' ct with the leaflets ofthe valve. The cloth cover is a stent which incorporate 

re posts by stitching 25 through 60 ring is optional as explained at 

sd in FIG. 6. omitted, the stent may be of uniform wall thickness 

ine inner section of the cloth cover is brought throughout and the step or offset between the upper and 

through the base of the stent and around the bottom of lower portion eliminated as illustrated in FIG. 8. In this 

the skirt. Stitching through channels 19 to the skirt case, channels 19 preferably extend continuously 

secure the cloth cover at the base of the stent body as 65 around the edge of the skirt interrupted only by spaced 

illustrated in FIGS. 5 and 7. Additional stitching reinforcing ribs 20. The channels are necessarily deeper 

the cloth at the base of the commissure post and also uration of the channels is as previously described. Since 


no ring is present, the side channels previously de- 3. The stent of claim 1 wherein said ribs are equiangu- 

scribed are not included in the stent of FIG. 8. larly spaced at 30° intervals. 

The reinforcing ribs interrupting the channel are 4. A stent for mounting a trileaflet heart valve com- 

preferably equiangularly spaced at 15 to 60' intervals, prising a body portion and a skirt portion defining a 

and^eferablyat30"^tervals^resu^tinguil2ribsforthe 5 unitary, sculptured, open cylinder having inner and 

Typical stents for use in the aortic positions in hu- 
mans have a nominal inside diameter of 16 to 26 mm. 
When molded of polypropylene, the thickness of the 
body of the stent is suitably at least about 1.0 mm, and 
preferably from about 1.0 to 1.5 mm; the skirt is at least 
about 0.5 nun, and preferably from about 0.5 to 1.5 mm; 
and the base of the channel is less than about 0.2 mm, 
and preferably from about 0.1 to 0.15 mm. The step or 
offset between the upper body of the stent and the skirt 
is suitably about 0.5 mm wide to accommodate the 
metal reinforcing ring which is typically 1.0 mm high 
by 0.5 mm thick. The valve is 




TTheste 

ally disposed 

or syn- side channel extending axially toward said circumferen- 

without limi- tial step from said edge channel of said skirt, 

—uu.,, ouu^aii, F ui^u,c .ram vmvca, modified porcine 30 8. The stent of claim 4 wherein said edge channel 

heart valves as where the leaflet with the septal shelf is includes a first side wall, a base and an opposing side 

replaced with a leaflet from another valve, and natural wall, said first side wall extending at an angle from the 

tissue valves wherein the three cusps of the valve are edge of said arcuate extension to the base of said chan- 

formed from three separate pieces of pericardial or nel, said opposing side wall being perpendicular to the 

fascia lata tissue. Synthetic materials include, without 35 surface of said skirt, whereby the width of the channel 

limitation, rubberized fabrics, polyurethane film, and at its base is substantially less than at the surface of said 

one-piece molded polyurethane valves. Rubberized skirt. 

fabric and polyurethane film are utilized in valve con- 9. The stent of claim 8 wherein the base of said chan- 

struction by forming the three cusps of the valve from nel is concave and forms a substantially continuous 

separate pieces of material or from a single tubular 40 curve with said side walls. 

section. Conventional manufacturing procedures in 10. The stent of claim 7 wherein said side channel has 

forming the valve may be followed in all cases. walls substantially perpendicular to the outer surface of 

We claim: said skirt. 

1. A stent for mounting a trileaflet heart valve com- 
prising an upper body portion and a lower sldrt portion 45 
together defining a unitary, sculptured, open cylinder 

having inner and outer surfaces, 12. The stent of claim 6 wherein said edge cb 

said body portion comprising three circumferentially- — *- -* -~ J * — =-— <- 

spaced, axially-extending, apical commissure posts 

interconnected by valleys, . 

said skirt portion comprising three depending arcuate spaced axially-oriented ribs 

extensions in registry with the valleys of said body channel of each of said arcuate extensions. 

portion, 14. The stent of claim 4 fabricated of polypropylene, 

and a channel traversing the perimeter of said skirt 15. The stent of claim 14 wherein the wall thickness 

adjacent the lower edge of said arcuate extension, 55 of said body portion is from 1.0 to 1.5 mm, and the wall 

said edge channel being interrupted by a plurality thickness of said skirt portion is about 0.5 mm less than 

of spaced, axially-oriented reinforcing ribs travers- that of said body portion. 

ing said channel. 16. The stent of claim 14 wherein the wall thickness 


2. The stent of claim 1 wherein said ribs are eq 
larly spaced around the circumference of said ste 
to 60' intervals. 
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I Claims 1-12 and 15-23, drawn to a process for forming a stent of a polymer 
material, classified in class 264, subclass 235 

II Claims 13-14, drawn to a thermoplastic polymer stent, classified in class 623, 
subclass 1 38. 

The inventions are distinct, each from the other because of the following reasons: 
2 Inventions I and II aie related as process and apparatus for its practice The inventions 
at e distinct if it can be shown that either: (1) the process as claimed can be practiced by another 
mater ially differ ent appar atus or by hand, or (2) the appar atus as claimed can be used to practice 
another and materially differ ent process (MPEP § 806 05(e)) In this case the pr ocess as 
claimed can be used to pr actice another and materially different apparatus, such as an apparatus 
that does not need a thermoplastic polymer stent having a hoopwise molecular orientation For- 
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polygons (i e , squares, rectangles and diamonds) The method of invention I does not recite 
steps necessitating the need for annealing the expanded diameter stent to shr ink its diameter to a 
reduced diameter, and therefore is not limited to be performed by the apparatus of invention II 
Because these inventions are distinct for the reasons given above and have acquir ed a separate 
status in the art as shown by their different classification, restriction for examination purposes as 
indicated is proper 
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